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TEACHING 


The Projection of the Sphere Ortho- -Y 


raphick, and Stereographick : As al-| | * 
o, Trigonometry Plain and Spherical; "2 


with plain and intelligible Reaſons for- 


the various and moſt uſeful Methods, 
both in Projection and Calculation; 


with the Application of the whole to] | 


Afronm q Dialing. and Geography. 
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To the Worſhipful the Ma- 


ſters, Wardens, and Aſſi- 
ſtants of the Trinity- hon iſe 


of Deptford- Strand. 


may be thought Surpri- 


= 
— 


e if mot accounted 
great Preſumption, to 
edicate fo ſmall a Treatiſe to ſo 


| honourable and uſeful a Corporas . 


tion. But my Hopes that this 


| plain, tho' conciſe Piece of Trigo- 


nometry, well applied, may at 


leaſt contribute to the PR | 
c 


| the Stuljous for ſome of thoſe 
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Abe DeprcarION. 


without your Examination and 


eApprobation, hath encouraged 
me to of this my Mite into your 


2 reaſury, which that your Wh, or- 


ſhips may pleaſe to accept 0 
the mel _ re of N MAE 


3 mat 


humble Servant, 


Hzengy WILSON. 
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to underſtand it; and the Reaſons for them ſo 


ſion requires. 


e ä ; * 
— 5 ; 


Lrho' the great Number of Books of all 
ſorts now extant in the World, might be 2 


| * wo 1 . 
D 


b ſufficient Diſcouragement to any Author from of- 
fering any Thing more to the Preſs; yet the 
Conſideration of that common Complaint of 4 


great Part of thoſe who have been at much Coſt 
and Pains to learn, viz. that they forget a con ſider- 


able Part of what they have learned, before they have 


the Opportunity to put it in Praflice, hath animated 


me to venture into the World with this my Ma- 


nual of Trigonometry, in which I have endea vou- 
red to ſerve Learners of all ſorts; the Subſtance 


of Projection of the Sphere and Trigonometry, 


being compriz'd in ſuch a moderate Volume, 
that it cannot be thought (by thoſe that have 
any Opportunity and Deſire to learn) a Diff. 
1 to procure Money to buy it, or Time to 
it; the Rules ſo clear, that it is not hard 


plain, that it will be very eaſy to retain and 


remember it, and apply it to Practice as Occa- 


? 


3 Ide 


To the READER. 


I have firſt begun with the Rudiments of 


Geometry, ſo far as is neceſſary to the Perfor- 
mance of what follows. pings | 


2. Plain Trigonometry Right-angled and O- 
blique, in order to the right underſtanding of 
which, I have inſerted ſome neceſſary Definiti- Þ 


ons and Axioms, with the Conſtrution of 
Sines, Tangents, and Secants ſo explain'd, 
that the Learner may ſee the Reaſon why the 
Sides of the Triangle become Sines, Tangents, 
or Secants, to their reſpective Angles, which 
Reaſons once learn'd, the Rules cannot be eaſi- 
ly forgot. Ro ER | 

3. Before I have entred upon Spherical Tri- 
1 I have handled the Stereographick 


Projection of the Sphere, with general Rules | 
for doing it upon the Plain of my great Circle. 
rincipal, viz. 


I have Inſtanced in five of the 
The Meridian, Horizon, Equator, Ecli ptick, 


and Prime Vertical; which, I ſuppoſe, with 
the Reaſons there given for the ſeveral Appea- 


rances of the Projection, according to the vari- 
ous Poſitions of the Eye, will be ſufficient for 


the Information of the Learner in all the Vari- 


ties of that Projection. „ 
I confeſs | have in this Particular deviated 


from the Order of ſome Authors, viz, ei- 
ther thoſe who treat of Spherical Trigonometry 


and Aſtronomy, without ſpeaking any Thing 
of the Projection of the Sphere, or thoſe, who 
m the Order of their Books ſpeak of Spheri- 


eal Trigonometry firſt; and Projection of the 


Sphere afterwards. I cannot but think it more 


proper and inſtructive to the Learner to be 
ficſt taught the Projection of the Sphere, and 


the 
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3 the ſeveral Circles which conſtitute thoſe Tri- 
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angles, which are the Subject of Spherical Tri- 
gonometry, before they fall upon the Calcula- 
tion; for it ſeems evidently more eaſy and na- 

tural to form a Proportion from what is gi 
ven for the Solution of any propoſed Triangle, 
after it is projected in its proper Appearance, 
than to perform the Calculation - firſt and the 
Projection afterward, the ſame Data that ſerves 
for one, ferving alſo for the other, and the 
Proportion for Solution ſometimes depending 
upon the Proportions of the Sines of Sides, 
to the Sines of their oppoſite Angles, ſometimes 
requiring a Perpendicular to be let fall, e. 
which Varieties may be beſt conceived after the 


Triangle is projected, and that has induced me 
to aſſume this Method. ; 


In all my Problems in Aſtronomy, I have al- 
ways chuſed to Project upon the Plain of ſuch a 
great Circle, as may be moſt Commedious for 
Performance, and may come under the general 
Rule given (pag. 119. if in Oblique) whereas 
to thoſe that learn to Project only upon the 

Plain of the Meridian, the Projection from ſome 
Data is rendred impoſſible. 3 

And becauſe nothing ſhould be wanting to 
make Spherical Operations intelligible, I have 
not only explained my Lord Nepain's Proporti- 

on, but alfo that which I have called the Globr- 

cal Projection of the Sphere, and therein deduced 
Proportions for the ſolution of all the Varieties 

of Right-angled Spherical Triangles (and con- 

ſequently of Oblique-angled Triangles redu- 

ded to Right-angled by Perpendiculars) from 
no other Principle than the ſimple n | 


75 the READER. 


of Sines (being Perpendiculars let fall ) and- 1 


Tangente ( being Perpendiculars raifed from 
the End of Radius.) And for the better illuftra- 7 
tion of both, I have made uſe of this in the 
Caſes of Trigonometry, and of my Lord Ne- 
pain's Proportion in Aſtronomy, and have alſo * 


added the Orthographick Projection of the 
Sphere, and the Solution of the moſt neceflary 
Queſtions in Aſtronomy thereupon, which is 
performed by Scale and Compaiie only, vix. by 


the Chords and Sines on the Gunter's Scale F 


and I have alſo inſerted the moſt material an 


Fundamental Problems in — and Geogra- 
e 


hy. and concluded with ſome uſeful Tables to 


d the Riſing, Setting, c. of the Sun, Moon, 


or Planets. 


Altho? I have not been ſo large in the Appli- 
cation of 1 to Dialling and Geo- 


arger Treatiſe would admit of; 


graphy, as a 


yet I have given ſuch demonſtrable Reaſons for 
the moſt material Problems therein, as is ſuffi- 


cient to incite the Learner to, and inform hin 
m thofe uſeful Parts of the Mathematicks ; 


which in this, as in others of my publick Per- 


formances, is the chief Deſign of 
A true Lover of the Mat hemat ic l, 


- 


N. B. 7 have not uſed any Symbols or . 


except that one in Spherical Projetions IP COQ which 
fignifies, Draw the Primitive Circle and Quarter it, 


that is, Creſa it at Right» Angles with two Dlameters. 


The 


HENRY WILSON. 
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ADVERTISEMENT. 


HERE is now going forward a com- 


pleat Set of Sea-Charts, from a new Glo- 
bular Projection, repreſenting the Surface of 


the Earth in its true and proper Form, with- $ 


out ſuch Diſtortion or Miſrepreſentation, as is 
in the Plain and Mercator's Charts. Examined, 
Approved, and publickly Recommended by 
the learned Dr. Halley, and other Mathemati- 
clans and practical Navigators. 
Performed by John Harra, Engraver and 
Printer, in Bull. Head- Court, Newgate-Street 3 
John Senex, Engra ver and Bookſeller, at the 
Globe in Salisbury- Court; and Henry Wilſon, the 
Author of this Book, at the Sieve in the Little 


Minories ; at all which Places Specimens of the a | 


Projection may be ſeen, 


N. P. The Author Hewry Wi'ſon, Surveys 
Land, draws Maps of Eftates, exc. and is wil- 
ling to ſerve any Gentleman in that, or other 


Mathematical Performances, if they pleaſe to 


enquire for him at the Place above-mentioned. 
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GEOMETRICAL PROBLEMS. 


PRO BL EM I. 


= From a given bea A i #he Middle of a Line, 


to 0 E feli a har, preg 


Tx. any 1 in your n 
paſſes, and one Foot in 4, make 
the Marks c and 4; then with 
any greater Extent,and 
- one Foot in c,make the Plate 1 
Arch e, and with the Fg. 1. 


: fame Extent, and one Foot in , croſs 
| the ſaid Arch in e; a Line drawn from the 
| Interſetion of the Arches in e to the given 
Point A, is the Perpendicular NIE, 


PRO- 


* — 


© Geometrical Proll. 


dlicular to a Line given. J 
With any Extent more than the neareſt 
Diftance between the Point and the given Line, 
and one Foot in the given Point X, croſs the 
1 Line in mand»; then with the ſame 
Plate 1. Extent, (or any other greater than 
Hg. 2. half the Diſtance m u) pony one 
Foot in m ande, make two Arches to 

croſs each other in r, lay a Ruler from x to the 
Croſſing at r, and by it draw x b, it is the Per- 
pendicular required. „ | 


PROBLEM III. Sn 2 

From the End of a gives Line, to raiſe a Peers, 
dicular. | ers 1 | | 
With any Extent, and one Foot in the End 
of the Line at B, place the other Foot any 

where above the Line, as at C, and keepin 
that Point at C, turn the other about, e ps | 
the Line at D, and turning your Com- 
Plate 1. ne make the Arch E; lay a Ruler 
Fig. 3. from the Crofling at Dover the. Point 
C., and croſs the Arch E, a Line drawn 
from the Croffing at E to the Point B, is the 7 
Perpendicular required. 8:3 £ 


> PROBLEM IV. 


„ tg hy fond op er HHS 


— 


anne 


0 _— FTY 


Tre s Pile given over the End of a Line, to let. 5 ö 
en 
From the given Point B draw the Line B D, 
to cut the Line D E at any convenient Diſtance 
2 3 1 from 


* 


Geometrical Proben 3 ; 


from the End E, whereabout the Perpendicular 
= is to fall, divide the ſaid Line BD into 
two equal Parts at E and placing one Plate 1. 
Foot in F, with the Extent FB, or Fg. 4. 
kB D, croſs the Line D E in E, the Line 
„ B E being drawn, is the Perpendicular re- 


4 . 
PROBLEM 1 3 
23 To divide a given Right Line into ro Equal Pars, 
1 properly called Biſſecting a Line, E. 
Let the Line be 4 C, with any Extent greater 
than half the Line, and one Foot in 
Amake the Arch b 4; then with one Plate In 
1 be of in C croſs the ſaid Arch in b and Fg, 1 
a Line drawn from b to d, will 
ay viſa the Line 4C in e, as was e 


{| PROBLEMVi 
| i At a given Diſtance, to draw a Line Parallel to a 
4 5 | 8 Line. 
q 


7 © Take the given Digance ; in your Compaſſes, 


8 
© vt. 
= 4% 57 
Rag Ne 
a 


and with one Foot any where towards 
each End of the given Line, as in a Plate 1. 
and 5 weep the ſmall Arches c and 4; F g. 6. 
A2 Line drawn ſo as juſt to touch the 5 
Extremity of thoſe n ſhall be the Paral- 
el required. 


PROB L. EM VII. 

To bring any three Points into the Circumperence 
of a Circle, Provided FR are not ſituate in a I 
Line. | 

Let the Points be 4B and C, firſt with any 
Extent more e than half AB, and one Foot in 4, 
45 | B 2 make 


1  Gromevical Problems: 5 


make the Arch dn e, and with the ſame Ex- 
tent, and one Foot in B deſcribe. the Arch d » e, 


cdo croſs the former in 4 and e; then 
Plate 1. with any Extent more than half BC, 


Fig. 7. and one Foot in & and C deſcribe the i 


Arches h i g, and h » g, croſſing each 


other in þ and g; then through the two.Croſ-, | _ 


fings b and g, draw the Line h g o; likewiſe 
through 4 fu draw de o, and where theſe 
Lines croſs each other, (as in o) is the Center 
of the Circle, and the Diſtance o 4, o B, or 
0 C, will ſweep the Circle required. 

Note, By the ſame Means may be nd hs 
Center of any Circle or Arch of a Circle by 
aſſuming any three N and en che 
Center as e. * 


PROBLEM mn 
To lay down avy given Angle at the Point B in 
the Line B S, oppoſe of 40 Degrees. 


14 2 


* 


With the Chord of. 60, ( always) and 5 
Foot i in the given Point B, deſcribe the Arch 


e g; then take your given Degrees 


Plate 1. 40 off the ſame Chord, and ſet from 
Fig. * g to e, and from B through e draw-wW 
B D, it will make an Angle of 40 De- E 


grees LE t B. Sith the Line B 3 


e e e 
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and three Angles. 

Ia a right angled Triangle, the longeſt or 
ſlope Side is called the Hipotenuſe z the other 
two Sides inclading the right Angle, are-calletl 
Legs or Sides; or ſometimes one is called the 
Baſe, and the other the Perpendicular, and they 
may be called ſe alternately according to the 
HE. Pofttion of the Triangle. 

An Angle is-commonly expreſsd either by 2 
ſingle Letter, as the Angle B, or by three Let- 
ters, as the Angle 4 B C. WhevevE the. 9 

fſignifies the Angle. a 
An Acute Angle * leſs than 99 Degrees, as 
 ACB 
A Right Angle is 90 Degrees,as A BC. 
An Obtuſe Angle is more than 90 Plate 1. 
Degrees, as the Angle 4 CG. Fig. 13. 
I de three Angles of any ks lang * 
Friangle added together make 180 Degrees; 
therefore the two Acute Angles of any right 
angled Triangle make al ways 90 Degrees; be- 
cauſe the right Angle is 9o, therefore one Acute 
Angle of a right angled Triangle, or two An 
gles of an Oblique Triangle, einne er the 
other may be eafily found. 7 - 
is | When the Sine, Tangent, exc. of. an Obtu ſe 
1 Angle is required, you muſt inſtead of that 
4 62 B 3 | take 


VERY Trizage confi of, three Side, 


4 


6 — if Sine, ger. 


take its Complement to 180; thus the Sine of | N 


30 Degrees is the Sine of 50 Degrees, Cc. 


"Co Ar, or Complement Arithmetical, is found 1 
by ſubſtracting every Figure in a Sine or Tangent 
from 9, except that next the Right Hand, and 


that is to be ſubſtracted from 10. Thus the 


Co Ar of the Sine of : 29 d, 6 , 18 Os 31306, but £ 


may be more readily found by Inſpectiog in the 
Table of Logarithmal ns, Tangents, and 
Secants, thus: 


3 Compl. reject 


| C Sinz .. 3 
For Ge 525 ang. Fra Tang. Compl. > Ra- 


Secant (Sine Compl. I dis. 
And you have the Complement Arithmetical 


required. 

. * chief Uſe of Co Ar is, when Radius i is not 
one of the 2 Terms; for then by taking 
the Co Ir of the firſt Tom inſtead of Ke Sine 
or Tangent itſelf, and adding it to the other 


two Terms, the Sum abating Radius, is 7 


fourth Term required. 


A Definition of the Snes, Tangents, &c. 
3 order to the right Underſtanding of Tri- 
gonometry, it is neceſſary to know 
Sheri what is a Sine, Tangent, Secant, exc. 
| Lg 10... of which take the following Defi- 


niti On. 


Every great Circle is ſu uppoſed to contain 360 | 


Degrees, the half Circle 180, and the Quadrant 
(upon which the Sines, Tangents, Se. are 
en, go Degrees. 

The Radius, Root, or Foundation of the Pro- 


hello, is the Extent * nich the Arch is 
| ſpwept, 


= 7 4: w — — 
3 e 
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5 


* 


Cynſtruction of Set, Sc. 7 
ſwept, or the Semidiameter of the Circle, and 
is commonly ſuppoſed to be divided into 10000 
farts, as 5; e. „ | 
A right Sine is a a drawn from the 
given Degree, till it fall at right Angles upon 
that Semidiameter, from whoſe Extremity it is 
number' d as g, f is the Sine of 45 Degrees, he- 
cauſe it is a Perpendicular, let fall upon the 
7 Radiughe b, and the 45 Degrees is number d 
The Complement of an Arch is ſo much, 
as it is leſs than go, and the Sine Com- 
ple ments, Tangent Complements, ec. are 
only the Sines, Tangents, cc. of thoſe Diffe- 
rences; thus gi equal to Fe, is the Sine Com- 
plement of 45, and is the Sine alſo of 45 De- 
grees, if number'd back from go, becauſe it is 
a Perpendicular let fall upon the Line eh, from 
_ whoſe Extremity (h) the 45 Degrees are num- 
dard WH i. 423 > Is VNN 
A Tangent Line is the Line h d continued, 
being Perpendicular to the Radius e b, and juſt 
touching the Circle and the Tangent of any 
Arch is number'd upon that Line, and limited 
by a right Line drawn from the Center through 
the Degree propoſed, and continued till it cut 
the Tangent Line; thus b d is the Tangent of 
45 Degrees. „ n id $ 265ml - 885 
As Secant is the Line ſo drawn from the Cen- 
ter, till it cut the Tangent Line; thus e dis the 
Secant of 45 Degrees | 
- A Verſed Sine is that Part of the Diameter 
* comprehended between the Circle and the End 
of the Right Sine, as Fb is the Verſed Sine 
of 45 Degrees. e d 
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8 Oynſtruction of Sines, &ﬀ. | 
A Chord is a right Line drawn between the 
Extremities of the given Arch, as the Line bo WM... 
is the Chord of 45 Degrees. Note, The Chord V: 
of any Arch is equal to twice the Sine of half 
—_ ER: 7 7 97 3:457.0 8 
From this Diagram well underſtood and ap- 
ply'd, are deduced Rules and Proportions for ; 
folving the following Caſes of Trigonometry, 
"obſerving, that as Radius is the Semidiameter Þ 
of the Circle, ſo in the Application, whatſo- 
ever Side of a right angled Triangle you would 
make Radius, take that Side in your Compaſſes, WR 
and with one Foot in the Angle at the Baſe ? 
"ſweep a Circle, then will the Angle at the 
"Baſe become the Angle at the Center, and each 
Side will at once diſcover whether it be Sine 
Tangent, or Secant, according to the Deſcrip- 


tion above. ig 
Suppoſe in the Triangle a be, you would 
make the Baſe a b Radius, take a b mm 
Plate 1. your Compaſſes, and with one Foot 
Hg. 9. in a draw the Arch bd, and draw a d | 
'- Perpendicular to ab, then is abd a2 
Quadrant, and by the foregoing Definitions 
bc is the Tangent, and à c the Secant of the 
Angle bac. | DE OTST 1 * 
But ſuppoſing the Triangle ef g to be the 
ſame as 4 bc, only you would make 
"Plate 1. the Hipotenuſe e g, Radius, then g / 
"Fig: 10. is become the Sine, and fe (equal to 
1 279 the Sine Complement of the 
Angle e, and theſe will be the Terms neceſſary 
to be made uſe of in the Solution. | 
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* All theſe Things rightly underſtood, all the 
Ind 5M Varieties in right lined, Triangles may be re 
duced to theſe four Axioms, 
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Side be ma = 
Sines, Tangents, or Secants. For firſt, 


the Hipetenuſe the Secant of the ſame Angle. 
Plate 1. Fig. 9. PI 


Leg oppolite to the Angle at the Baſe is the 
Sine of the ſaid Angle, and the other its Sing 


| Complement. Plate 1. Fig. 1060. 


E23 4 


| AXIOM II. 
In all plain Triangles the Sides are pro- 
peortionable to the Sines of their oppoſite An- 
27 ples. 5 
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egs are the projected Sines of their oppoſite 
Angles, and conſequently bear the ſame Pro- 


Radius, and to one another. (See Plate 1. 
. 


M In all Fight angled plain Trian | les, if d ic . 
e Radius, the other Sides will be 


If a Leg be made Radius, the other Leg will 
be the Tangent of the Angle at the Baſe, and 


5 1 133 . Ae : 
But if the Hipotenuſe be made Radius, the 


lu right angled Triangles it is evident, if 
Jos: make the Hipotenuſe Radius, that the 


portion to the Hipotenuſe, and between them 
ſelves, that the Sines in the Table bear to _ 


4 ji 


— 


Plain Bene 


earn 0 * III. 


In all Triangles, as the Sum of the Logs} in- 


Shading any Angle is to their Difference, ſo 


is the Tangent of half the Sum of the un- 
known Angles, to the | FARE of f. theie 
ping | 


AXIOM W. 


FOR all ripht lined Trienples 3 5 as the Baſe (or 
longeſt Side) to the Sum of the other two 


Sides, ſo is the Difference of the ſaid ſhorteſt 
Sides to the Difference of the Segments of the 
Baſe; ſee this explain'd in Caſe the Sixch of 

Oblique Triangles. 
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"TO Timon, - 


10 8 „ 
1 _ angled. | 


— — 
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CASE * 


AE Hi potenuſe and che Angles being + 
given, to find Leg · 


Hi potenuſe 532 86 Regulted 
Given 425 Angle BAC 36 0 Cg. F- 


CONSTRUCTION. 


Draw AB at Pleaſure, and by Prob. 8. make 
the Angle A 36 zo, upon A C let oe” 
86 from A to , and by, Prob. 4. F Plate 1. 
fall the Perpendicular CB, then ſhall l 
AB ( meaſured on the ſame Seale of i 
equal Parts, that A g Was taken, from), be 51 


CALCULATION.. 1241 b I 


Firſt making -A C Radius, (which is moſt 
eaſy, becauſe it comes under the Proportion of 
Sides to the Sines of their oppoſite Angles) "he, 

(by Plate 1. Fig, 10.) CB is the Sine or x 
kale A, therefore 

A8iRadlins 7 - ̃ũ | —m—'-../. - | [0 000d 

To AC. — 6 1. 

So dine of the 5 36 30 9. 77428 


o s de oppoſite n x. 70887 - 
| 'B =: Dy, But 


12 Plain Trigonometry, 


( by Plate 1. Fig. 9.) therefore, 
$ une of theAngle A-3t 6 30-Co. Ar 0. 90517 


So Tangent of the Angle 436 30 - 9. 86920 


— — 


But making B C Radins, AC will ( by plate 1. 
F ig. 9.) be the Secant of the Angle C, (which 


then 
As Secant of the Angle C 53 30 10. EY 
To AC — 86 — 1. 93449 
So Radius | „19 88005 


N side 5 S — my” | — 1. 70888 


tle Application -ſuMicient to give the Learner 
an Iafight into the making every Side Radius, 
and the Reaſon of the Proportions ariſing 
from thence. it | 3 
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potenuſe. . 


| : The Angle A 40.0 > Required 
2 mak © Given „ Ke Leg 4 B 5092S 185 5 
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Bat making 4 B Radius, chen 4 C is the 
Siecant, and B the Tangent of the Angle A, 


To Side BC —— | 4 5 1. 70886 


is the Complement of 4 Viz. 53 30) and 


I ſhall not trouble the Reader with all theſe 
Varieties in the reft, ſuppoſing this with a lit- | 


5  * Given the Angles and a Leg. to gs the H. — 


bh” 
"1 
ek” 
+ 573 | 
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EF \+ 
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Pluin Tregonometry. _—_— 


CONSTRUCTION. 


| Make AB 500, and ſet off the given Angle, 
as in Caſe 1. at A, and draw AC at ike 
7 * Pleaſure; then from B (by Prob. 3.) V 11 
| 4 4 mise the Perpendicular B. E. to cut 1 
I AC in "© and the Shen dh is. finiſhed. 


4 — 


* 


* o LY 


CALCULATION. 


Making A C Radius, AB will be the Sine of 
the Angle at C, then 

As Sine of the Angle "Es 500 —_ 9. $8425 

To Side AB — 500 — 2.69897 


So Radius — — 10 COOCO 


7— radi „„ ——: 9 


To Side 4 C * — 65 ö — 2, 81472 
CAS E. 10. 2 
N the Angles and a Leg; to find cheother 
Leg. 
ne ng Angle 4 4 40 ©? Require 
Given 3 The. Leg A B -- 5295, 5 9 


CONSTRUCTION, 


As in Caſe the ſecond, be lame T king 
3 given. 


3 - 


F \S 
Vo GR * 5 


CALCULA. 


* — oy " " OT an , " 
16:4 8 A N 2 8 
__ .- n n * 7 Re 2 ö 
r 8 * 2 
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| | GALCULATION. | 
Making A B Radius, BC will be the Tan: 4 
gent of the Angle at 4 therefore, an X 

As Radius WOO — — 10. oO 7 

So Tangent of the Angle A 400 — 5 52361 


W 


To BC required: — 419 — 7 . 622.78 
| 0. 4E Iv. 
e the Hipotenuſe and a Leg, to and an 


The Hipotenuſe AC 720 Require the 
Gi eltern — pot le 4. 


cor R UCTION. 


Make 4B 550, and at B ere& the Perpen- 
Pl, e 1. Aicular BC at Pleaſure, by Prob, 3. 
Fig, 1 We then with the Extent 4C 720, and 
* placing one Foot in 4, croſs the Per- 
pendicular BC. in C, and, draw A C, and it is 


done. 
eutodtarion 


Making 40 Radins, 4 B wilt be the Sine of 
the Angle C, or Sine Complement of the An- 
gle 4, required therefore 
Aﬀ84C — 720 — 2 ths. 
To Radius | 10 ©0000 
So AB — 550 8 2. 74036 
Te Sine Comp, of Angle 4, 40 11 - A \ $8303 . 
CASE - 


Plain Wasa 
* 8E V. 
Given the ie and a Toſs bi che 


other Le 
Giy 4 I hetipotenuſe' b ee 
0 The Leg AB. =P OW 


 CONSTRUCTION,. 
As in a 4. being dhe fame Daa. 


CALCULATION. 


This requires two Operations 3 firſt b. Caſe 
the Ath, to find the 3 me A, 4 al- 
ready found to be 40. 11; then "if you make 
A B Radius, B C is the Tangent of the Ange 
at A, but AC being made Radius, B C is 
Sine of the os Angle, and er to the 


latter. | 
As Radius 10. 00600 
T 40 M 10e „ 
So Sine of the Angle at 4 49 1 - 9. 80971 


To the Leg BG required 46 — 25 6670 


2 8% 8 CASE VI. 


- The Legs given, to find an Angle. = 
Siren „tek 155 AB 360 N the "oY 1 


; a . 
i : > Fig. 12. 


. CONSTR U- 


CONSTRUCTION. 


Make A4 B 36, and at. B by prob. 3. erect 
che Perpendicular B C, upon which ſet off 430, 
from B to 8 and draw AC, and . 


* 


"CALCULAT10N., 


896 


of the Angle at A. therefore 


8 BC — 430 IJ» $3346 


. of the angie 4 5. 0 n 65716 


4 ASE . 1 
: The Legs, given, to find the inet. ; 


Siren 7 3602 20.0 Required AC. | 
Corded coſe the ſicth. N 


oY 


© 4Þ "= Px crete et 
eie ATION. 


* 


o? 4/ then 


the Angle 4, therefore | 
dine of the Angle 4, Ys 47 9. 88467 
"ID . 3 a 2. 63346 
So Radins © — —— * . ©. 00000 


r Lan a 3 


n AB Radius, BC will be the Tangent 


43. 3600 — 2. 55660 
To 2 — — 10. ooOO00 


Find the Angle 4 by Cafe the fixth, -GARK is is 
Making AC Radius, BC will be the * of 


i tequired > nr 2.7487 
d There 


x, * 


F 1 1 hs 5 28 


Plain Trigonometyy. 
There is another Method when the Legs are 4 
given, to find the Hipotenuſe and the Angles, 


wit, Multiply each Leg by itſelf,and add the two. 
Products together, extract the ſquare Root of 
that Sum, it ſhall be the Hipotenuſe required, 
( Ewclid, Liv. I. Prop. 47. ) and having found 
the Hipotenuſe, take half the longer Leg, and 
add it to the Re and fay, As that Sum 
is to 86, ſo is the ſhorter Leg to its oppoſite 
Angle; and having found one of the acute An- 
gles, the other is eaſily found, it being its Com- 
gement to 99 Degree. 
AA Ng 
In the foregoing Triangle in Caſe & and 7, 
A 360, BC 430. Firſt to find AC, 
8 314500 (560 5 
T4 Making the Re- 


360 430 106)645 mainder 900 a 
360 430 636 Numerator to 
. —— the Root. Dou- 
216 129 112)900- bled the Hi- 
1 1 a potenuſe is 560- 
— . 
29600 18490 duced is 560. 
129000 48, . which in 

— bDecimals is 360, 


. the Pr od, | | FLA 5 2m $01 


441 
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. 3 1 1 ig * e a 


Then for the Angle C oppoſite to the leſſer 

.Side, W 7 EA © | 
A (to avoid Fractions) is 561 
The longer Leg BC 430, its half is 215 


776. 


As 776 86 360 
1 


58 
288 


776030 609% For the leſſer i 
2328 Angle, via. Cwhoſe Wh 
—— | Complement 50- 

7680 »#3, anſwers ſuf⸗ 
6984 _ ficiently near the 
— Pruth for co 
] 696 | mon Uſe, = 


—— — — 


m 


T0 illuftrate this Method of finding an 
"Angle. ee ©: Et" 
CONSTR ECTIDON.. ...- 

_ Retaining fill the former Triangle. 4 BC. 
n PT enters > 
Hg. 13. ; dn . 
Continue the longer Leg C B both Ways, 
and with the Extent 4 C, and one Foot in 
the leaſt Angle ) deſcribe the Circle FA D, 
make r G equal to FC, ere the Perpendicular 
or Tangent Line D E, and draw G A conti- 
nued, till it cut the ſaid Tangent DE in 

1 This 


ortion 1s bd upon 2 Suppo- 


This 2 
fition, e N e Ares b differs inſerfÞ 3 


BY Now, if we grant AD equa! © to E D, © 
1 Diameter of a oy cle " be tot 

413 to 35”! 
the dle Triavg] es G B + and GD E. 

my it is as GB to BA 1 to D (Tren 2 


as GB tO B A, 
are endeavouring to meaſure the Angle CA 


by the Arch 4 P, it muſt be ſu poſed: to be an 
Arch of a Circle, the Whole o which contains 
or Degrees, and its half D AF 180, 


ference is 360, _ half of 125 


Radius, vix. 171 $2, 
pers we will call 172, and G is cn to F 
equal to c 4 the Hipotenuſe and C is the 


longer Legs it will be as G8 ( py hb Hipo- 
5 once my long Leg) to G ice 


| ke Leg is to 86, 
eg is to its oppolite Angle. 


* . cow * * 5 
kur mines. 
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F Two Kagles and 2 pb 6 one f 
them being res to ee iche 
8 the other. Fr | | s 


= 1 "% m 
+I 


EE The FE "hs D 395 2 
= Sn) Angle E 40 en the. | 
1 ehe os EF 350 | 8 


__- | Having iven the Angles D and Ex vou | ave 
5 bin tly the: Angle . N e Nr 
ment of the other to 180. "RH ( 
. > — Fas Oe 35 oO: From | — dee 0 


LE 
. 


San — 75 04. "Ref teh Angle 70 0 

„ CONSTRUCTION. 7 | 
Sx 949091 CFE 5 
775 Draw DE at Pleaſure, and by Prob, Sor 


„the, Angle E 40 Degrees; upon the 
ee 1 Side E F ſet off 380 from E te F, 
Fig: — and at F make an- Angle of 105 
Degrees nig oy and the Tate 
, finiſhed... 
5 5 earcuν 


* e * Fry I 2 : 


* k of 3 ; g I 0 3 IF 
* = * . te 
- : £m. — * F — 
. 9 0 - 4 i => Fad * 
* . - * > 4 N 2 a * N 
N 3 . 74 . 2 S ” 
. * 3 3 + v * * * — 1 1 . - * - = 
4 4 22 2 8 


This is ſolved; by Axiom the Second, SY 
the Proportion i is, 1 22 


As Sine of the Angle D D. 3s. 0 Co. Ar-. 24140 
To Side BING FE. 88G 12. 30378. | 
So Sine the Angle 4 54 . 7.9 50806 


* 


To Side oppoſite #Drequird 426 —.— eee 


> V1 


"IF 1 . . ES 7 f : : 
5 


CASE 2 Y 


Two Sided inen V r to one of 


them, being, given, .to find. the Angle oppoſite | 
to * other. | | 


5 <= \ 12 24 14 | x l 
vr (The Side D E - to . 
Given. The Side EF 225 | . LY 
Ehe Angle D 30.00Z.. + 3 


This Caſe i is ambiguous, and may 8 K 
Angle F either acute or obtufe, which there- 
fore muſt be Known before the 9 of 4 
the ans. oh can be e 


| CONSTRUCTION. 
Draw FD at Pleaſure, and b Prob. 8. FM 


at D the given Angle zo, and draw DE 5005 


then with the Side E F 420, in your 
Plate 1. Compaſſes, and one Foot in E, croſs 
Fig. 15. the Line FD, in Fand F, one making 


the Angle E F D acute, the other 
obtuſe: But if it be firſt known whether 
the Angle F be acute or obtuſe, you need draw 
but one of the Lines E F, ihc as the 


_—_ is, and the Triangle, is finiſhe 
CALCULATION. 


8 * 71 1 


By Aviom | the Second, the. Proportion is a 


As Side FE — 409 _ A 1 37676 


To Sine of the An- 8 | 
gle- oppoſite D $39 9 — 60897 


80 Side ED ——* 5 . 31 "2.69897 


To Sine ey 4 2 iacube⸗ 
e F 


8 WE 5 E III. pr fy „ * 


Two Sides 100 an Angle oppoſite to one of 
them being given, to find the third Side. 


„7 9 n 


be The Side D E 55 n 
25 Sn he Side EF 0 * 1 i 
The "gr D 30 0 mw clan 


CON- 


145 2 e 977479 


a a 


Plain Trigonometry, 23 
CONSTRUCTION. " 
As in Caſe the Second: * 


Ss found the Angle E as in | Caſe the 
Second, the Angle E is found by Suhſtraction 3 
if F be acute, the Angle E is 113 283 if F 
be obtuſe, the Angle at E is 6 323 3 ten firſt 
if the Angle F be acute, 


As Sine of the Angle E-36 22-Cop 6d 22527. 
To Side o oppoſite! ED --= 500 — 2.69897. 
To Sine o the Angle ins 28 — 9.962 0 
To Side oppoſite FD _ 579. ad 2.88674, 


But if the Angle F be obtuſe, 


ks che dine of che Angle E143 28: co. ar- O. 22 327 
To Side oppoſite ED — 500 — 2.69897 
| So Sine of the Angle E — 6 * 516 9.056 [ 


— gd * * 1 


To Side rm en 5 — 1.98032: w 


CASE iv. 


Two Sides and their 3 Angle given, 
to find either of the other ü re N 
8 both. 15 . 
SE Given 


1 X . : of 

1 * 

Piain Trigonometry. 
% = 

3 2; ; . f 


8 side FE 420 5 
= D 5 2 62. the 4 An- 
The Angle F 36,32 8 


CONSTRUCTION. 


Make F D 770 and by Prob. 8. make the An- 
| gle F 36,32, and draw FE, upon which ſet off 
420 from F to E, and 12 the Line E D, and 


tis done. 
CALCUL ATI ON. 


Plate 1. The Performance of this depends, 
Fig. 16. upon 1 the Third, +. of | 


As i ö of the given Sides 11 eco. Ar-6. 92446 
To ine Dicker „ | 
the given Sides fa = eo, 54406 | 

80 Tang. 5 Sum of Us | 
_unknown 1 Angles | 77 44 PAY | 1048138 
To Tang. their Difference 4143 9. o 
Half Difference added to iT E $8163 9 94990 

the half Sum 113 27 the Angle E. 


Subſtracted fi rk 
5 half Sum pas 8 — rthe Angle D. 


was * * 


A . J 
CASE V. 


— 
7 * 1 7 5 8 S 
415 1 1 
N 1 (3 


: - Given 3 Sides, and h 
bo find a third Sid. their coined Angle 


27 7 — 
Given. 


15 The Side FD 770 EDS on 
Wy Side FE 42 2 wa the Side 
. The Angle F 36. 32 . EN 


CONST R UCTION., 


The ſame Data and Conſtruftion as the "EE 
'going Caſe. | 
i {LC ULATION. 

Pind the Angle as in Caſe the 4th, where che 
Angle D is zo” 1/ then, as in Caſe the firſt. 


As Sine of the Angle De 30a--Co. ar- o. 008: 
To Side oppoſite EF -.. 420 --. 8 
So Sine of t e Angle . 1 32 — 9. 77472 | 


To Side eoppolite ED required 500 — 2,6 69877 


2 


CUSE VI. 


Three Sides given to 604 an Angle. Fe 42 


*,; 
* 


115 The Side FD 770 . 
od Side F E 420 required the An. F 


The Side ED 5005 Lind E 


F * F 
. =Y 
. 
. q a « 8 
4 - ' 4 5 
. 1 » ; . a 5 * 
4 C 4 * . 2 
» A * * 
F N ** 
« — 
{ 4 . N * 
% * 
* 
4 1. „ - 
* 1 r 4 - 
S * . F awd + 


l 


28 Plain Trigonometry. 
CONSTRUCTION. 


Plate 1. Make FD 770, then from the ſame 

Fig. 17. Scale take in your Compaſles 420, and 

with one Foot in F, make the Arch 

E; then with 500 in your Compaſles, and 

one Foot in D, croſs the Arch E in E, draw 
FE and D E, and 'tis done. „ 


CALCULATION. 


The Solution of this depends upon the 4th 
Axiom ; for before you can proceed to the Q- 
peration, the moſt common and eaſy Way, 
| you mult firſt ſuppoſe the oblique Triangle to 
divided into two right angled ones, by the 
Perpendicular let fall from E to a; and to find 
the Segments F a, and 4 D, the Rule by Axiom 
C | 1 
As theBaſe — — 7570-Co. ar-. 11351 
To the Sum of the Sides 920 — 2.96378 
So the Difference of the Sides 80 — 1.90309 


To the Difference of theBaſes 95 . 1.98038 


The Difference De 95, taken from the 
whole Baſe FD 77o; half the Remainder, 
viz, Fa 337.5 is the Baſe of the right angled 
Triangle Fa E, in which to find the Angle F, 
making FE Radius, Fa will be the Sine Com- 
plement of the Angle E; therefore, 5 


Plain Trigonometry. 2. 


3 420 Co. ar- J. 37676 


To Radu: — :19.00000 

Solis Fa = —— 337. — 2.52827 

To S. C. of the Angle B 
r ; $36 32 IDE ae; 


Three Sides of any right lin'd Triangle, in 
one Sum given, and the Angles alſo given to 
lay it down, and find the Sides ſeverally. 


71 Sum of the Sides 80 
42 5 


2479 74 0 te find a Side. | 
| n 46 © 7 
a 4 


Draw a b 80. Make the Angle b Plate 1. 
a c. equal to half one of the given Eg. 18. 
Angles; as ſuppoſe, half of 55. o, 
viz. 27 30, and draw ac, then make the An- 
gle a he half 46 O, viz. 23 o, and draw hc to 
cut ac in co, from the Middle of the Lines 2c 
and cb draw the Perpendiculars hd and ge, 
and where they cut the Line « b, as in 4 — e, 
make Marks, to which draw the Lines cd and 
ce, thencde is the Triangle required. 

Then in the Triangle a c you have given 
the Angle a c b 129 30 (the Angle, acd bein 
half the Angle c de Eucl. Lib. 1. Prop. 32. a 
e c bis half ce d by the ſame,) and there is alſo 

ven the Side a b 80, and the Angle h 23:0 to 
nd the Side ac, which being found, you have 
3 C 2 885 given 


2 Plain Nigonomer 


given in the Triangle ac d the Angle eda 


125 o, it being the Complement of cd e to 180, 
Excl. Lib. 1. Prop. 13. and the Side oppoſite « 


c; and the Angle c ad 2) 30 to find its oppo- 
ſite Side ed; and when that is found, you 
have in the Triangle 4 ce, one Side, and all 
the Angles to find the other Sides ſeverally. 


In the right angled Triangle ab c, there is 
given 4h 96, and b c and ca in one Sum 220, 
to find the Sides and Angles ſeverally.' _ - 

Draw b @ 96, and perpendicular 
Plate 1. thereto at ł, draw h d 220, and draw 
= Fig.19. a 4, which biſſect in e, and draw the 
Peerpendicular ec, to cut b d in e, and 
draw a c, then is a b c the Triangle required. 

Then for Calculation in the Triangle a b 4, 
you have given bd 220, and a b 96, to find 
the Angle at d, which is equal to the Angle ca 


| e( becauſe their oppofite Sides are equal.) 


Likewiſe the Angle 4 a b is the Complement 
of a db to 90; then from the Angle d a b ſub- 
tract the Angle ea c, there remains the An-. 
ole ca b, whoſe Complement is the Angle 4 
eb, then in the ſaid Triangle a be, there is 
iven the Baſe à b, and the Angles a and b, to 
nd the Hipotenuſe by Caſe 2. or the Perpen- 
dicular by Caſe 3. but I ſhall leave the Operati- 
on to the Learner's Pratice, 
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de 5; 8 E. T CY 


of the * PROJECTION of the Srnknk. 


* 


HE RE e full Ways of pro- 
jecting the Sphere, i. Stereogra - 
phick, Orthographick, and Gno- 
monical. I ſhall only ſpeak of 
the Stereographick at this yon as 
being molt uſeful in Trigonometrical Operati- 
o ons, and ſhall refer the other to their proper 
Places afterwards. 

- Stereographick Projection of che Sphere, is 
the Projection of the Sphere or Globe, upon a 
Plain, paſſing through the Center thereof; 

the Eye being ſuppoſed to be placed upon che 
Superficies or Surface of the Globe, perpen- 

. dicular to the Center of the ſaid Plain, or in 

2 the we” or ne great Circle, upon which 

| BY Cc 5 9 2855 e the 


30 Of the Projectiunnn 
the Projection is to be made, and on that Side t 
of the Sphere oppokire to the Side to be u 
projected; this Projection thus made, ſhall b 
truly repreſent all the Appearances of that 7 
half of the Sphere, oppoſite to that, in whoſe 
Pole the Eye is placed, as may be illuſtra - a 
ted by the following Similitude. te 
Suppoſe a Sphere or Globe were made off E 
Glaſs, or any tranſparent Metal, on which E 
were deſcribed all the Points and Circles off a 
the Sphere (as Zenith, Nadir, Equator, Eclip M 
tick, &c.) in black Lines that might be dil-M t: 
cerned through the Globe; and admit there t! 
were a Glaſs Plain paſſing through the Cen-M « 
ter of the Globe, cutting it in two equal Parts t 
in that great Circle, upon whoſe Plain the F 
Projection is to be made; as for Inſtance, d 
r 1 were to project the Weſtern Hemi- E 
ſphere upon the Plain of the Meridian, having t! 
a tranſparent Globe, prepared as before de- \ 
ſcribed, and the tranſparent Plain to paſs c 
through the Center of the Sphere, and cut it 
in two Parts in the Meridian (the great Circle u 
upon which the Projection is to be made) iff} o 
the Eye be ſuppoſed to be placed in the EaltW ti 
Point of the Horizon, upon the Surface off t! 
the Sphere; and obſerve, where the Meridi- 


ans, Azimuths, cc. on the Weſt Side of the 
Sphere cuts the Plain paſſing through the h 
Middle of the Sphere: Theſe Circles upon .41 
that Plain ſhall truly repreſent the Projection : 
of the Weſtern Hemiſphere upon the Plain © 


the Meridian; for the Projection of the 
Sphere, of what kind ſoever, is no more * 
„ — hb 


% © 
the Repreſentation of thoſe Circles and Points 
upon a Plain, which are imagined to be deſcri- 
bed in the Sphere, or upon the Celeſtial or 
FTerreſtrial Globe. e 
oſe The imaginary Points, are 1. The North: 
tra- and South Poles of the World, or of the Equa- 

ror. 2. The Poles of the Ecliptick. 3. The 
off Equinoctial Points Aries and Libra, where the 
ich Ecliptick cuts the Equator.. 4 The Zenith 
off and Nadir. 5 THE 
lip The Circles of the Sphere; are either grea- 
11i-F ter or leſſer Circles. The greater Circles are 


ere thoſe that divide the Sphere itſelf in two e- [= 


en- > Parts; as 1. 'The Horizon which divides 
that Part of the Sphere viſible to us, from that 
them Part that is inviſible. 2. The Meridian, which 
ce divides the Eaſt half from the Weſt. 3. The 
ni- Equator, which divides the North Half from 
ng the South: 4. The Ecliptick. 5. The Prime 
le- Vertical, ec. of all which ſee a more parti- 
aſecular Deſcription afterwards. heh 
The leſſer Circles divide the Sphere in two 


1 

eleſſ unequal Parts, as the Almicanthar or Parallels 
i of Altitude, and alſo the Parallels of Declina- 

at tion, ſo called, becauſe they are Parallel to 
oy the Equator, cc. 1 by 


The Sphere may be Stereographically 8 
Red upon the Plain of any great Circle; 1 
have for. the Learner's Information, inftanced 
in five Varieties, having projected the Sphere. 
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ö 3 Upon the Plain Equator, Fig. 3» 


ſentatives on the Plain of the Projection. 
In any Projection, that Circle upon whoſe 
Plain the Sphere is projected, is called the 


32 Of the Projection 


Meridian, Fig. 1. 
Horizon, Fig. 2.7 


Plate 5. 
of the Ecliptick, Fig. 4. * 
+ OY Prime Vertical, 


Fig. 5. 


Upon the Plain of whatſoever great Circle 
the Sphere be projected, all the Circles in the 


Sphere will be Circles in the Plain of the 
Projection, and if continued to perfect Circles, 


will anſwer all the Repreſentations and Con- 
ditions of Meaſuring, c. without the pri- 
mitive Circle, as well as within it; and alſo 
the Angles made by the Interſection of two 


great Circles on the Surface of the Sphere, 


4 


are equal to the Angles made by their Repre- 


primitive Circle, and is always a perfect Cir- 
cle deſcribed about the whole Projection, as 


the Circle Z HN O, Fig. 1. or the Circle N 
E, Fi 2. c. in Plate 2. | | 1 5 
All the reſt of the great Circles in any Pro- 
Jection, are either right Circles, or oblique 


Circles. I e nm” | ab 
A right Circle appears to the Eye to be a 


right Line, cutting the primitive Circle at op- 


polite Points, and paſſing through the Center 


thereof, thereby dividing the Superficies of it 
in two equal Parts, as in Eg. 1. the Lines P48 
and ZaQ and Ea C are right Circles. 


An 


> a 048 © =. 


f the Hor 1 3 


An as Circle cuts the Primitive in op 
po ofite Points, but does not paſs through the 

enter of it, as in Fig. 1. the Circles - P © 85 
and Z ON, are oblique Circles. 

A Parallel, or leſſer Circle, Reicher cuts the 
Primitive at oppoſite Points, nor (except acci- 
dentally) paſſes through its Center, as the 
Circle , © 4d, Fig. 1. is a leſſer Circle, viz. a 


c Parallel. of Altitade, o or an n Almicanthar. 1 
5 


| How to projets and. We Les any of. 
ie aforeſaid Circles Stereographically, 
. which may Property be. cal "PO 
cal Geome try. 


P R 0 B L E M J. 
Hew to » ford the Pole of any erat cel. 

due, 77 HE Pole of a great Circle is a Point | 

every Way 90 Degrees diſtant from 
itFeriphery, for every great Circle contains 360 
Degrees, and if two great Circles cut each other 
at right Angles, ( viz, one Perpendicular to the 
other) there will be 180 Degrees of one Circle 
on each Side of the other, and the half of that, 


Vie 90 Degrees number d either N from the 
; „ -C F Periphery | 


' ; 
* . 
# 


34 See Gemmer). 


e of any great Circle, finds its Pole; 
thus the Zenith and Nadir are the Poles of the 
Horizon, and the Poles of the World at are de 
Poles of the Equator, ec. 


S 1h & 


" To find the Pole of the Primitive Circle. 
Find its Center, and that is its s Pole re- 


quired. 


e 


Io find the Pole of a right Circle, ſuppoſe 
of the right Circle Za . | 
Croſs the Diameter Æa Q at right Angles, 1-9 
pl „, with the Diameter p à S the two 
2 8 Points pP and & at a Quadrant's Di- 
Eg. 1. ſtance from & and Q are the Poles of 
the e Right e, 2 a Qrrequired. 1 


—_ "T7 


CASE u. 


To find hs Pole of an oblique Circle, ſup- 
Por of the Circle Z N. 
Wote, The Pole of an oblique Cirele i is al- 
ways. in that Diameter that paſſes through its 
Center, and cuts it in the Middle at tha 
Angles: Thus the Pole of the oblique Circle 
* N is in the Diameter Ha O, ani is found 
thus. 
Through a the Center of the primitive, and 
O the Center of the oblique Circle, (which in 
this Caſe falls without the primitive) bets 
| > the 


re- 


le 


Center requi red. 


and it cuts the primitive in h; from þ ſet off 90 
Degrees to K, and then a Ruler laid from K to 
Z cuts the Diameter H a O in L; the Pole of 
the Circle Z © N required, and ( py. 2.) the 


Pole of the oblique Circle WW q e, is in the 
Nin n, . „ PL tre! „ 


PROBLEM iI. 
To find t he Center of any given oblique Circle, 
if it be known what Angle it wal with the 


primitive, (Plate 2. Fig. 1.) 


— 


1 " 15 a.) TY | 32 1 
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the Diameter Ha O; lay a Ruler from Z to R, 


| To find the Center of the oblique Circle 


Z R N, which makes an A 


75 ARIETY I. 


With the Tangent of the given Angle, and 
one Foot in a, the Center of the primitive, 


the other Foot extended along the Diameter 
Ha O, (continued if need be) will reach to 
the Point o, the Center required. 


Or thus. 
57 ARTE TVT II. 


The Point K being found by Prob. f. Gaſt 2: | 
the Extent NK ſet from K to , a Ruler laid' } 


from 'z to y, cuts the Diameter # a O in o, the 
Co VARIETY 


gle with the pri- 1 | 


mitive Circle at Z of 50 of; 


1 96 Nee Ge 
4 "v6 


FARIETY ul. 


meter Ha O, thus —— with the Secant of the 
given Angle at the primitive, and one Foot in 
N, ſweep the ſmall Arch o, with the ſame Ex- 
tent; and one Foot in Z, croſs the ſaid Arch 
in o, that Croſſing 1 is the Center required. 


Rs PROB LEM WW: 
To projet any given Angle. (Plate 2. Fig. 1.) 


CASE 4 


C 
_—_— 7 


30) at the Center of the primitive. | 

Having — the primitive, and G it 
at right Angles, with the Diameters P a 5, and 
LE a D. for 5 


by 1 . Diameter E a C, then ſhall Z# a E, or B 4 wor 
| be the _— required. 


CASE n. 


of the primitive, as ſuppoſe I would make at 


50? o'. 

Find the Center O. by Prob. 2. Variety 2 
er 3, then with one Foot in o, and the other 
in ⁊ or # 3 draw the Circle 2 © N, and 'tis 


Or it may be found without having the Dia- 


To project any given Angle ( ſuppoſe of 23 


e Chord of the given Angle 23 30, fl 
from A to E, and through E and a, draw the 


To make any given Angle at the bande 


the Point Z an Angle with the primitive of 


done; 1 


2 N 


Spherical Geometry, - 
quired, 


3 5 
To make an oblique Circle; to make at the 
>” any given Angle with another oblique 


OR a „„ 1 
Having given the Circle VE, making an 
Angle with the primitive 35 20, it is | 
required to draw another oblique Cir- Plate 2. 
cle, to make at an Angle 5 30, Ng. 2: 
with the oblique Circle % E. 

Lay a Ruler from to q, it ſhall cut the pri- 
mitive in b ; then ſet off the Chord of the given 
Angle 23 30, from b to a. A* Ruler laid from 
a to V, cuts the Diameter N & in C, then from 
E ** C to V, draw an oblique Circle, 
and 'tis done. 1 SEE ITE 5 Wes 3 


Thus you may make any Angle, though you 


makes with the primitive; but if it be known 
what Angle the given oblique Circle makes 
with the primitive, you may find the Center 
of the required oblique Circle by prob. 2. Yar. 3. 
As here the Circle / E is ſuppoſed” to make 
an Angle of 35 20, with the primitive at V, 
and the Circle required to be drawn is to make 


at Wan Angle of 23 30, which added to 3520, | 
the Sum is 58 50, the Ange which the Circle _ © 


Wc E is to make with the Primitive; therefore 
with the Secant of 58 50, and one Foot in I, 
and E, find the Center by prob. 2. Yar. 3. which 
falls without. ITC ted 


„ >:@ 4108 


©". 5; * 
8 * Ve 5 
- 4 

< 


done; and the Angle HZ R is the Angle ix : 4 | 


do not know what Angle the given Circle WgE 


33  Pherieal Geometry. | 
py AS —_ | 


To project any given Angle within the Peri- 
phery, but not at the Center. 


To draw an oblique Circle through any 
given Point in a Right Circle, to make with 
the ſaid Right Circle any given Angle. 
It is required to draw an oblique Circle 
tzrough the Point © in the Right 
Plattz. Circle QO R, to make an Angle at 
Hg. 4. 0.00 50 00, with the ſaid Right Cir- 


do e Tor 
Find the Poles of the Right Circle by Prob. 1. 
Caſe 2. which here are the . g and b. 
Lay a Scale from g to O, it cuts the primi- 
in K, the Arch Q K meaſured on the Chords, 
is 20 12, therefore take the Tangent of 20 12, 
and ſet from o (the Center of the primitive) to 
c, and draw «© » perpendicular to Q R, ſo is 
cn continued a Line, in which the Centers of 
all oblique Circles fall that paſs through the 
Point © ----- Then with the Chord of 60, and 
one Foot in O, deſcribe the Arch à b, upon 
which from's {et off the Chord of the Comple- 
ment of the Angle required, which is 400 (be- 
cauſe the required Angle is 30 0) to b. a Scale 
laid from O to b, cuts the perpendicular m# in 
x, then upon x as a Center with the Diſtance 
x ©, draw the oblique Circle S O T, and *tis 
done; and the Angle SO is the Angle 5000 
required. ; e 


d -. 
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Right Circle. 
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Pyberical Ceometr ). 39 


j. | MM 
Through the Point O, in the oblique Cir-- 


cle S OT, it is required to draw another ob- 
lique Circle, to make an Angle of 27 19, with: 
the ſaid given Circle. ER 


Through the Point O and the Center q, draw 


Sum 77 19 is the Angle that the oblique Cir- 
cle is to make with the aforefaid. Right Circle 


Q R, and is projected as in the lat i 


Center being thereby found to be in the Point 


r, andy © z is the Circle required. © = 
Norte, If the Nature of the Queſtion had re- 
quired the Circle to be projected to lye nearer 
the Right Circle, than the given oblique Cir- 3 
cle, you muſt. have ſubſtracted the Angle re- 
quired to be made from the Angle, that the 
given oblique Circle makes wit | 
Circle; the Remainder is the Angle that the 


the Right 
required oblique Circle is to make with the 


8 ENT TEE 
It is required through the Point O, in the 


oblique Circle y © z, to draw another oblique 
Circle, to make with the former an Angle of 


27 19. Plate 1. Fig 4, 


- 
= 
448 
I 

* 45 
1 

* 


Through any given Point in an oblique 1 
Circle, to draw another oblique Circle, to 
make with the Former any given Angle, Plate 


the Right Circle 2 4 R, then meaſure tge 

Angle 28 5. by Prob. 10. of Spherical Geome.— 
try, which will be found to be 50 003 to-which } 
add the Angle required to be made 27 19, the 


Having 


, * & N ; ” r en. : 
5 . 4 2 * 
934 4 - . 4 * * 3 . *. 
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+ PROBLEM W. 
To draw a 9 
to male with the primitive any given Angle. 


"Fig, 2. an Angle of 35 20. a Rn 
Wich the Tangent of 35 20, and one Foot 
in the Center , deſcribe the Arch x; then with 


Croſſing is the Center of the Circle required; 
then with the Diſtance x u, draw the Circle 


the primitive, as was requirel. a 


the given Angle, and one Foot in the Center, 
you may carry the Sweep round, and then it 


— 


PRO: 


reat Circle through any given Point 


Through the Point », to deſcribe 
Plate 2. à Circle, to make with the primitive 


the Secant of 35 20; and one Foot in the 
given Point u, croſs the ſaid Arch at x, that 


n e, it makes at v, the Angle 35 20, with 


Note, When you ſweep with the Tang nt of 


will be eaſier to find where the Secant cuts it. 


o re 


e Spherical Geometil Jr 


ros 
Through any two Points, (as O and Z) to draw 
a great Circle, FEE 
Through either Point, as ſuppoſe the Point 
O, and the Center of the primitive, % 
draw the Diameter QO a R continued, Plate 2. 
and croſs it at Right Angles, with the Fig. 5. 


Diameter ha g. 


From the Point © draw a Line to the Ex- 


| tremity of the ſecond Diameter, as the Line 


© g. 
At the End of that Line, viz. at g erect the 
Perpendicular g, to cut the Diameter OR ih y, 
then through the Points y z and ©, draw-a great 
n 7G In x ak 
Or becauſe there will always be 180 of* the 
half Tangents, between y and O having drawn 
the Diameters g h, and QA continued, produce 
g O to b, lay a Ruler from b to a, it will cut the 
primitive in e; then a Ruler laid from g to c, 


cuts Q Rin , the third Point through which 


the propoſed Circle is to paſs. e 

Or meaſure a O from the Beginning of the 
half Tangents, which being found, ſubſtract 
it from 180; the Remainder taken from the 
half Tangents will reach from a toy, the third 
Point required, and the Points yz O is brought 
into an Arch of a Circle, by the ſeventh Geo- 
trical Problem. J 


RO 


42 Spherical Geometry, © 


PROBLEM VI fp 
Te draw a great Circle perpendicular to 4 given dr 
great Circle, RI a 


Note, Any great Circle, whether Right or Pc 
Oblique, drawn through the Poles of another 
great Circle, is always perpendicular to that 


great Circle, through whoſe Poles it is drawn. | 


SX + WH 


t. 


To draw a great Circle perpendicular to the 


Draw a Diameter through the Center of the 


primitive, and tis done; thus Z N 
Plate 2. P * b 
Fig. 1. and H O are perpendicular to the pri- 


mitiye.. 


AA A ©A 


e 


Too draw a Right Circle perpendicular to a 
Right Circle given. 77 
It is only to croſs the given Right Circle at 
Right Angles with another Right Circle, and 
then the Extremities of the one are the Poles of 
the other; thus the Right Circle Ha 0 is per- 
pendicular to the Right Circle Z a N. | | 


CASE. III. 


1 


To draw an oblique Circle perpendicular to 
à Rig ht Circle. Zo | wy 


Find: 


| Stk ines. WY 


Find the Poles of the given Right Circle, by 
Prob. 1. Caſe 2. then through theſe two Poles 
draw an oblique Circle, and tis done; — thus 
the oblique Circle Z R, is perpendicular to 
| the Right Circle H a 40 because an its 

- Or Teles E and g. | 4, | | 


i ves 


haf CASE mY 


a given oblique Circ to the oblique” 


To draw an obliqu e Circle Ege to 
Circle w4 E: Find 5 pol? r by prob. 1. Id 


he through draw the #blique Circle mn oA, it is 


the Circle required. Plate 2. Pig 2. 
he Note, If the Point o be given, dr 

NE Circle through the Points o and r, by Prob. 5. 

i Or if the Angle with the primitive be given, 

draw the Circle through the rn Point 7 N 

| Prob. 4. | 


C R 0 B L E M VII. 
. 0 projet a parallel rele. 8 


1 this Problem are three 8 N 


1. To lay love a Parallel to the primitive- 
Circle, ſuppoſe; 200 12 / diſtant from it, or 
69 487 — its Pole, with the half Starr's 
Tangent of 69 48 its Diſtance from * 5 
the Pole of the primitive, and one 1 25 
Foot in the ſaid Pole at o, _— the Circle- 
© vw, it is the Parallel required, 


1. To, 


aw an oblique W 


44 len ical Geometry. 


II. To lay down a Parallel to a Right Circle 
at 20 12 Diftance from it; Net 20 12 
ride 2. of the Chords from g to m, and from 
Bg. 5. hto o; then with the Tangent Com. 
plement of 20 fz, viz. 69 48, and 
one Foot in m, (or with the Secant of 69/48, 
and one Foot in a) find the Point P, then with 
the Extent P my and one Foot in P, draw the 
Farallel mn o, it is the Parallel required. 


III. e draw a Circle parallel to the * 
Circle abc, at 40 12 Diſtance from it, or 5 
438 from its Pole. 

Find the Pole of the e 8 by prob. 1 

(which will alſo be the Pole of = 
Plate 2. parallel) which here is at d, ſet off 
Bg. 3. the half Tangent of 49 48, ork d to 
rand s, the Diſtance » 5, biſſected in 
e, gives the Center of the Parallel, and with 
the Diſtance er, or ex, deſcribe the Circle t, 
it is the Parallel required: 

Or becauſe the half 2 are projected, | 


by laying a Ruler from à to the equal Diviſions: 


of the Semi-circle auc, and where theſe cut 
the Diameter, i » continued are the half Tan- 
gents ; therefore ſetting 49 48 of the Chords 
from K, (the Point where a Ruler laid from 4 
over the Pole d, cuts the primitive) both 


Ways to mand z, a Ruler laid from a to w, and 


z cuts the Diameter i in and 6, which biſ- 
fectedi in e, finds the Center RT: 


BR o. 


the primitive Circle z 02 H. 


.quired, 
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I 0o meaſure an Arch of a Circle. 
General Rule. 


In all great Circles, whether right or oblique, 
(for the primitive Meaſures on the Chords with. 
out farther Application) a Ruler laid from the 
Poles of the Circle, to be meaſured, over the 
Extremities of the Arch to be meaſured, and 
Marks made where the Ruler ſo laid, cuts the 
primitive, the Diſtance between thoſe Marks 
meaſured on the Chords, gives the Quantity of 
the Arch required. p ; 


EXAMPLE. 


A. It is required to meaſure the Arch PA of 
Take the Extent z P in your Co: 
paſſes, and apply it to the Line of Plate 2, 
Chords, it gives 35 20, the Quantity Fig. 1. 
of the Arch required. ops 
2. To meaſure the Arch à L of the Right 
Cade aol is fo 32 bY Gonna an gh 
From x the Pole of the Right Circle Ha o, 
lay a Scale over L, it will cut the primitive in 
K; the Arch of the primitive » K meaſured 
upon the Chords, is 50% the Arch a L re- 


8. To 


46 Spherical Geomery, 
3. To meaſure the Arch of an oblique Circle. 


It is required to meaſure the Arch 4 of the 


oblique Circle v 4 E. g my 
Find the Pole r by Prob. 1. then from er lay 
A2 Ruler over , it will cut the primi- 
Plate2. tive in a, the Arch 5 a meaſured upon 
Eg. 2. the Chords, is 64* o', the Quantity 
of the Arch g required. © © 


PROBLEM X 
To ſet off any Number of Degrees upon @ given 


Circle from a given Point. 

This is only the Reverſe of Prob. 8. for os 
ing a Ruler from the Pole of the given Circle 
over the given Point make NE where it 
cuts the primitive, ſet the Chord of the given 
Number of Degrees from that Mark upon the 
primitive, and from the Extremity of that Ex- 
tent to the Pole of the given Circle, lay a Ruler, 
and where that cuts the given Circle, deter- 
mines the Degree required, Fe 


EX 4 M PLE 


It is required to ſet off 64 Degrees from 7 
toward E, upon the oblique Circle wq . 
From the Pole r, lay a Ruler over 9, it cuts 


pfate > the primitive in s, from «s ſet off 64 
Fig. * of the Chords to a, a Ruler laid from 


the Pole to a, cuts the oblique Cir- 
cle u ꝗ E in u, the Arch is 64 Degrees, the 
Quantity required to be ſet off from 7. 1 


ides, containing the Angle, and at a . 
drant's Diſtance from it, (of which con 


{ In this Problem are 


V 


By the ſame Method of laying a Ruler from 
he Pole to the primitive, you may ſet off any 


Number of Degrees upon a Right Circle, as in 
Fg. 1. If I would ſet off 30 Degrees from a, 
upon the Right Circle Hao; if you lay a Ruler 
from x over a, it cuts the primitive in », ſet 
the Chord of 50 from» to R, a Ruler laid from 


to K, cuts Ha o in L; then is aL 50 Degrees 


| of the Right Circle required, or it may be ſet 
Hoff by the Scale of half Tangents. 


The primitive is always meaſured upon the 
„ tc ir rod ontiest | 
PROBLEM X. 
To meaſure a Spherical Angle. 
General Rules. 
An Arch of a Circle paſſing between the two 


e- 
quently the Angular Point muſt be the Pole) 
neaſured by Prob. 8. is the Meaſure of the An- 
ple required. ® EN 8 
The Diſtance between the Poles of the Cir- 
— including the Angle, is the Quantity of 
he Angle required; and theſe General Rules 
hold true in all Caſes, whether Primitive, 
Circle, Right, or Oblique. 7 EE 
Wes Varieties. Plate 2. 


\ | | Fig. 1. 
I. A Right Circle with the primi- 


tive makes always Right Angles, as zu, and 
Ho, with the primitive z Ho. 
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II. A Ri ght Circle with a Right Circle, and 


1 — the Poles of all Right Circles are 


in the primitive, the Diſtance between their 
Poles, is only meaſured thereon. 


1 defire to know the Quantity of the. Angle 


3 A4 H. The Pole of Z Q 18P, and 
2. the Pole of HO is * and z P meaſu- 


n  .cedion the Chords i is 35 20, the An- 
gle 4 LE a H required. ; 


II. A Right Circle with an oblique Circle, 
as ſuppole it is required to know what Angle 
the R ght Circle N S makes with the oblique 
Circle 2 r m. 

Find the Pole of the Right Circle E, and of 
the oblique Circle t, by Prob. 1. A Ruler laid 
Plate 2. from the Angle r, to the Pole of the 
87 oblique Circle t, will cut the primi- 


Fig. 3 tive in 4 and E being the Pole of the 


Right Circle; the Arch / E meaſured on the 


Chords 50 oo, is the _— of the 3 * 


requiretd.; 


TV. An oblique Circle with 7 neimirivg; 
| The Angle f is required to be meaſured. 
The Pole of the primitive is the Center y-3 
the Pole of the oblique Circle v9 E is at r. 
A Ruler laid from the Angular Point 
w tog, cuts the primitive in E, and 
3 0 tor, cuts it in 4; the Arch 
4 E meaſured on the Chords is 35 20, 'the * 
tity of the * 7 W 5 e | 


Plate 2. 


V. An 


the Angle Z © P is require. 


4 — — 7 


49 


V. An oblique Circle with an oblique Circle ; 


att DI, "YL * l * 5 * urn . OF * *** 9 T 9 
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Find their Poles L and x, by Prob. 1. A 
Ruler laid from O over L, and x cuts 
the primitive in y and v; the Arch yw Plate 2. 
meaſured on the Chords, gives the Fg. 1. 
Angle required.  .. pre Boe SORE 
Note, All theſe Farieties come under the firſt = 
General Rules; only we have given an Inftance A 
in each, to make them more intelligi ls. Bs 42 


Of Spherical Triconometry. 
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Plate 2. Eg. 3 


HE ſeveral Circles and Points gi- 
ven, or required, being projected 
as before is taught; any three great 
Circles interſecting 3 other, the 
[ Arches comprehended between the 
1 three Points of Interſection, do conſtitute a 

Spherical Triangle; and fuch Triangles, cone 

ſtituted of Arches, of any three great cy 


: * 
23 8 ? * 
n 3 REY , # 
. * 


Spherical Nigonome ty. 5 
of the Sphere, are the Subject of Practical 
Spherical Trigonometry: As in Fig. 1. the Cir- 
cles E © « c, n do 

cut each other in the three Points a U; the 


three Arches a b, b ©, and © a, making up 
the Triangle a b ©. 

Of Spherical Triangles, are three Sorts, 
vix. Right. angled, Oblique-angled, and Qua- 
drantal. | 

A Right-angled Triangle bath one Angle 
90 Degrees: As the Triavgle a b ©, Right- 
angled at b, Fig. 1 

A Quadrantal Triangle, hath one Side 99 
Degrees : As'the Triangle a © x, Tig. 1, whole 
Quadrantal Side is az 

An Oblique Triangle, hath no Side, nor 
Angle 99 Begrees: As the Triangle 2 P. on 
ey.” © 

Of an Oblique Triade, Lone of the Angles 5 
are acute, and ſome obtuſe. 

An Acute-angle, is leſs 212 90 Degrees: As 
the Angle Z P O, Fig. 1 

An Obtuſe-angle, is more than 90 Degrees: 2 
As the Angle! of 2 O, Fig. x. 


1 NOTE, When tWo ct” are ek 
preſs'd, they fignify the Side contain'd bes 
tween them; but when three are expreſs'd, 
they ſignify the Angle at the middle;moſt Let. 
ter: Thus the Angle p Z. O, ſignifies the An- 
gie at Z, in the Tn PZ ©, . 25 


S 3 
144% + © 


* 


R de Mum 175 g 


+2 1 15110 141 


8 E c T. a 


8 dx 9 0 * 85 ls 


wt 


a * 4 Pu : C  £% : 
» . : e 7 0 190 1. „ 4 5 43 
- 2 
2 


f? 
8 


Wa 


To 2 Triangle e rhe Glen. 


HAT the . and Baſe of a 

| Right-angled Spherical Triangle, are 

of the ſame Affections with their oppoſite An- 

es, viz, More.or Lels than a Cy As as 
; es oppoſite Angles _ 


Trian 4 be both 
3 Hi- 
ant; "but if of 


gles) of a Right-angled 
More, 92 E. Leſs t c Wo 
pothenuſe is leſs t an a 

- I: E-rent Affections, vi 


2 


. * 


3. en if the dean be . 
Legs are of the ſame 


than a Quadrant, t 8 


AﬀeRion ; 3 if more, t ey are different. 


5 5 * the Hi porbenuſe be leſs than, a Qua- 
drant, each Fs ſhall be of the ſame Affection 
with its FRY Angle; but if re they. are 


of different Affections. 
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. Ik the Legs (and, Wer, the 5 
t- 


V/Z, One More, and the 
other Leſs, the Wee is more than a 


f 75 5. Conſe. 


we * _—_— 


2 4 


gle, to a Semicircle, 
ar io $6056 e 


7 


a 3 F*'* # 


| 5 „„ 3 2 dr. 1 . 40 | 23 
of eee N W b 3; 


5. Conſequently if a Leg be of the ſame Af. 
fection with its adjacent Angle, the Hipothe- 
nuſe is leſs than a Quadrant, and the contrary. 


e you deſcribe a great Circle at 90 De- 
grees Diſtance from any Angle, the Arch of 
this Circle intercepted between the Legs of 


the Angle, is the Meaſure of the Angle. 


7. The Poles of the three Sides of any Tri- 
angle, conſtitute another Triangle; for the 
three Angles of this Supplemental Triangle, 
are made by the mutual Interſe&tion of the 
Circles, of which the Sides are formed in the 
Triangle, whoſe Sides are given that are equal 
thereunto. , 


NOTE, In this Caſe you uſe the Comple- 
ment of the greateſt Side, or the greateſt An- 
8. In an Oblique Spherical Triangle, if the 
Angles at the Baſe be both of the fame Aﬀe- 
ction, the Perpendicular let fall from the Ver- 
tical Angle, falls within the Triangle; but if 
different, it falls'without, oo 


9. When an Oblique Spherical Triangle is 
to be divided into two Right-angled Ones, by 
a Perpendicular, you muſt let the Perpendi- 
cular fall from the End of a given Side, and 
oppoſite to a given Angle, 


a * ** 1 * SF. > 
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10. There are twenty eight Caſes in Sphe- 
rical Triangles, viz. Sixteen in Right-angled, 
and Twelve in Oblique; all which may be 
ſolved by the Axioms and Rules following. 
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SECT. I. 


Axlous and CONCLUSIONS. 


"Xf XEFO-M bits bo 


1 8 HE Sine of Middle-part, and Radius, ate th: 
reci procally proportionable to the Tan- ge: 
gents. of the Extreams· conjunct; and to the an 
Sine-complements of the Extreams- disjundt : 
That ie, As Radius to Tangent of one], 
Extream- conjunct; ſo the Tangent of theſof 
other Extream. conjunct, to the Sine of thelfff of 


Middle-part. f //. AF 235 729.079 at 
And as. Radius to Sine-complement of one] | 


Extream-disjunct; fo the Sine complement o 
the other Ext. Dis}. to Sine of Middle-part. if t<d 


But if Middle-part be given, and one of the L.. 
Extreams required, the Proportion may be in- Ri; 
verted to bring always the required Term into Sin 
J +, totes, ft Mot: 
As Sine-complement of the given Extream. ger 


disjunct, is to Radius; ſo is the Sine of Midi of 
dle-part, to the Sine-complement of the EX, 
wad o- . tream 


le- 


be 


Spherical Trigonometry. 55 
tream-disjun& required : And the like in 
Extreams: conjunct, as. a little Practice ill 


make plain. | | t \ 8 ts 


4 * 10 N 1. 140. 


In all Sp herical 8 . Sines "4 * 
Sides are Cn 8 to the. Sines of their 
oppokite Angles, and the contrary. 


Theſe two Azioms, "with. the Hel 1 
following Concluſions, or Rules, are p ofthe 
for ſolving all the twenty. * Ortes of 0 2 gy 
rical Triangles, 


As the Sine of the Biſe to 3 8 
the {cd of the Perpendicular, to the Lan- 
gent of the Angle, at the Baſe of a gs 
angled. Triangle. & ln een agg 1 

2. In all Ri oht-angled Triangles, as ine Sitte 
of the Hipothenuſe to Radius; ſo is the Sine 
of the Ferpendicular, to the Sine of the Angle 
at the Baſe. | | 


Theſe two Socha are FIR demonRra- 
ted by Mr. Norwood ; For the Firſt, 
Let a "1 B be a Spherical Triangle, Plate 3, | 
Right-angled at B; then is a 4 the Hg. 3. 


Sine of the Hipothenuſe, « B the Sine 


of the Baſe, a M is Radius, and L the Tan- 
gent of the Angle at 4, and B k the Tangent 


: 1. of: Wie rt er Bd: Then; 


= 


Co- fines of the Hipothenuſes. ; 
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Mag BrooMyfoD kis ME by Ee 
Lib. 6. Prop. 4. 


For the Second, a 4; is the Sine of the Hi. 
pothenuſe, and a J is Radius, d c is the Sine 
of the Perpendicular d B, and H 11 is Low Sine 
of the Angle at a: Then; 


1 «Is ſod e to e Lib. Hi 
C. Prop, 4. | | ſo 


3. The Sines of . Ager fubtended by — 
1 Perpendiculars, are directly 1 thi 
to the Sines of the Perpendiculars ubtending — 


4. If two perpendicular ſubtend equal An- 
ples, the Sines of the Perpendiculars are di. gie 
rectl y eee to the Sn es of the — ry 

thenuſe: 8. 1 of 


5. The Oo. nes of hes Re at the 
Baſe, are A. ee e to the Sines of 
the Vertical Ang | 


| 6. The Co- fines of the Segments off 2 
the Baſe are directly proportionab e to the 


© 7 The Sines of the Baſes, * are e recipro- 
cally e to the Tangents of the An-,. 
gles at the Bafe. 


9 8 Ve! 
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gang: 8. PANE of he Sides are re- 
ciprocally proportional to the Co-fines of the 7 
Vertical Angles. OE 


«cl 


19. The Tangents of the a vie are propor- 
nel tional to the Tangents of the Vertical Angles. | 


10. Havin let fall this: Perpindicalir; as be? 
_ it will be as the Sine of the Sum of the 

Hipothenuſes, to the Sine of their Difference; 
ſo the Co. tangent of half the Sum of the Ver- 
bell tical Angles, to the Tangent of half their 
13 Difference; and ſo the -0-tangent of half 
aii their D to the e "of half their ; 
Do Sum. | | Ago og 71 CS 

2 OR a 

nor; As: is gebe et balf che em of te 
of Sides or Hipothenuſes, to Tangent of half 
I cheir Difference; ſo Tangent of half the Sum 
of the Angles at the * to T 8981 of half 
their Difference. | Walen 403th 
bie Is" $113 ACGHN 

"ee! 12 As Tangent of Hale Ihe Baſe? t to 
Tangent of half ebe Sum öf the Sides; 
Tangent of half the Difference of the Ses 
to Tangent of half the Differente of the Seg- 
ments of the Baſe; which half Difference, ad- 
ded to the half Sum, gives the ae Baſe, 
and ſubdſtracted, gives air Teffer. | 


Theſe two Aube . e Coneluſi 1— 
ons, I thought fit to inſert for Variety : Ne- 
8 vertheleſs, all the twenty eight Caſes of Sphe- 

: D 5. ._ _ "mew 
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rical Triangles may be ſolved by the two Axi- 
oms, and the five Concluſions marked thus 
vin. The 5, 6, 7, 8 and 12 3 for the-fix- 
teen Caſes in Right-angled Triangles, are ſo l-“ 
ved by the firſt Axiom: The firſt and fourth © co 
Caſes in Oblique, are folved by the ſecond of 
Axiom: The Second, Third, Fifth, Sixth, of 
Seventh, Eighth, Ninth and Tenth in Obli- W Di 
que, are '{olved by Axiom the firſt, with the th 
Help of the Concluſions above-mention'd, viz. Ar 
The 5, 6, 7 and 83 provided you obſerve in 
your firſt Operation, to find ſuch à Part, 
which when found, the other Part of the O} 
Thing required, which is to be added to, or 
ſubſtracted from the ee found may 
come under one of the four Concluſions above- the 
mention'd ; and the eleventh Caſe where three the 
Sides are given, and the twelfth Caſe where 
the three Angles are turned into Sides, are th: 
both ſolved by Conclufion the twelfth, and lf ad: 
Axiom the firſt, only in letting fall a Perpen- Re 
dicular, in this Caſe, it muſt always fall = gar 
the greateſt Angle, upon the greateſt Side; An 
and fo the leſſer Sides become Hipothenuſes 
to two Right-angled, Triangles, which being 1 
given, and the Baſes found by Conclufion 12, 
you have enough to find with Eaſe, any other 
Part of either Triangle; but for the Sake of 
thoſe that have learned another Way, and are 
not willing to leave it, I ſhall inſert the fol- 


* 


lowing Axiom, which we may call, 
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As the Red- angle of the Sines of che Sides 
containing the Angle required, to the Square 


Jof Radius; ſo is the Rect- angle of the Sines 


of half the Sum of the three Sides, and of the 
Difference of the Side oppoſite there- from, to 
the Square of the Sine · comple ment of half the 
Angle ſought. (#8... * | 


From hence we may deduce this Rule for 
Operation. | wy : ; 


Add the three Sides together, and from' 
their half Sum, ſubſtract the Side oppoſite to 
the Angle required. 33% oa OO. 

Then to the Complement Arithmetical of 
the Logarithm-fines, of the containing Sides, 
add the Logarithm-fines of that half Sum, and 
Remainder ; half the Total of theſe four [ o- 
garithms is the Sine-complement of half the 
Angle required. 4 


For the better underſtanding of my Lord 
Netair's Univerſal Proportion, laid down in 
the firſt Axiom, you muſt underſtand, That 
Jin every Triangle there are fix Parts, vix. 

Three Sides and three Angles; but omiting 
the Right-angle, there are but Five, 
viz. The three Sides, and the two Plate 3. 
Acute angles, of which the two Legs, Hg. 2. 
including the Right-angle, and the? 
Complements of the Hipothenuſe, and two 

. Acute 
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Acute-angles 3 are called the five Circular- M; 
Parts, of which there are always Two given, E 
to find a Third; and of theſe Three, viz. Two po 
iven, and One required; One is always Mid- 
lle part, and the other Two are either Ex- Sit 
e ee or Extreams-disjunct; for if T:. 
the three Parts lie together, the Middle-moſt C 
is Middle-part, and the other Two are Ex- en 
treams- conjunct, as in the Figure annex d: w. 
8 the Angles a and c, were given to th 
find the Hipothenuſe a c, than a c is Middle- tre 
part, and the other two Parts, viz. the Angles th 
4 and c, are Extreams-conjunct; and by Axi- N M 
om the firſt, the Proportion fhould be as Ra- ¶ co 
dius to Tangent, of one Extream-conjunct; ſo ¶ pa 
the Tangent of the other Extream-conjun&t, ¶ th 
to the Sine of Middle-part : But becauſe in 
this Caſe, the Queſtion falls amongſt theſe 
Parts that are noted by their Complements, 
you muſt inſtead of Tangent, uſe Tangent- 
complement, and inſtead of Sine, uſe Sine- 
complement (or in Caſe they had been Ex- 
treams- disjunct, you muſt inſtead of Sine- 
complement, have uſed Sine) and then the 
Proportion is as Radius to the Tangent - com- 
plement of the Angle at a, one Extream- 
conjunct; ſo the Tangent. complement of the 
Angle at e, the other Extream-conjunct, to 
Sine - complement of ac the Middle-part. 


But if Middle-part be given, you muſt alter t! 
the Proportion; for the required Term muſt le 
always be the laſt in the Proportion: As ſup- I f 
poſe the Angle at &, and the Hipothenuſe a , 1. 

n 


were given to find the Angle at e; here a c is 
«<4 ahi . 


Spherical Trigonomety. 6 
—Middle-part, as before; but becauſe it is an 
„ Extream-conjunct that is required, the Pro- 
o portion is as Tangent-complement of 4 (the 
given Extream-conjunct) to Radius; fo the 
r= Sine-complement of @ (the Middle- part) to 
it Tangent-comp. of c, the required Extream 
i Conj. And thus however the three Parts that 
- enter the Queſtion be diſpos'd of, you may al- 
ways find ſuch an One to make Middle part, as 
to that the other Two will either be both Ex- 
e- treams-conjunct, or Extreams- disjunct, vn. If 
es the three Parts lie together, the Middle is 
1. Middle-part, and the other two Extream- 
a- conjuncts; but if one lie remote, it is Middle- 
ſo part, and the other Extream-disjuncts, as in 
t, the following Table. e eee, 
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pms! Triangles, are alſo wrought by 
er the ſame Laws of Right angled Triangles, al- 
aſt MW lowing the Quadrantal-fide in one, to be the 
p- fame as the Right-angle in the other; and as 
„in Right-angled Triangles, the Legs, or Sides, 
is next the Right-angle, and the Complements = | 

| | +. WE 


6X PSberical Trigonometty. 
| the. Hipothenuſe, and Acute-angles, are the 


five Circular-parts; ſo in Quadrantal Trian- 


gle, the Quadrantal-fide is omited, and the 


two Angles, adjacent to the Quadrantal-Side, 
and the Complements of the other two Sides, 
and of the Angle oppoſite to it, make the five 
_ Circular-parts, and come under the Rules of 


the Catholick- Proportion: Of which ſee an 


Example in Prob. 24. of Altronomy, performed 
b Right-angled Triangles ; and in Prob. 15. 


of Oblique: But for the better Underſtanding 


hereof, Suppoſe the Triangle a bc, to be a 
Quadrantal Triangle, viz. The Side @ b 90 
Degrees, then is the Angle a, and the Angle b, 
with Complement of the Side a , 42 


and Complement of the Angle e, and Plate 3. 


Complement of the Side e, the five Fg. 1. 
Circular-parts ; and ſo in all others, : 


af 


'£ . 
o * 


4 b : # * g ; 4 4 7 a 4.4 
a 0 : 
14 8 1 ! SS 8 + Ks 
«.& + ; 5 & a 4 4 3 
5 * -— « © — 
* ; i - 
. ; 
A 5 | oO S.- . 
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The Globical Projection of the Spherei. 


THERE is alſo avother wen, te fird the 


* , Proportions. for. ſolving the fixteen Caſes 
of Right-angled Spherical Triangles, by the 


or Globical Projection of the Sphere: Of 
which take this brief Account (Plate 3 | 
With the Chord of 90 Degrees, and one | 


Foot of the Compaſſes any where, as in 4 
draw the Circle O HK d; then with the ſame 
Extent, and one Foot any where in the Peri- 


phery of that Circle, as in O, draw the Circle 


AR FG, ſet the Chord of the Angle at A (as 
ſuppoſe 23. 30.) from O to Q (although in 
this you need not be exact; for you may find 
the Proportion as well, if you make the Angle 


A at Pleaſure) then with the Chord of 90, 


— 


and one Foot in O: ſweep the Circle AE FN; 
and becauſe the Triangle is to be Right-angled 
at f, take the Chord of 90, and ſetting one 


Foot at ſome convenient Diſtanee from A (as 


| ſuppoſe at B) with the other Foot find the 


Point wy in the ſame Circle A E FN, upon 
which the Right-angle is to be, and upon , 
as à Center, deſcribe the Circle B C G th 


then is the Triangle A B C finiſhed; then 


with the ſame Extent, and one Foot in C, 
not 15 e draw 


; . [ E * 3 5 FR ; : 
Spherical Trigonometry. 63, 
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65: -Spberical Pigonometi y. 
draw the Circle O IX E, and then is the Pro: 
jection fitted for our intended Uſe. 


1 


This being done, obſerve theſe four Rules 3 
Firſt, What Parts of your Triangle is given: 


As ſuppoſe the Hipothenuſe 4 C, and the An- 
gle at 4, to find the Leg 4 B; I mark the 
Side 4 C, and alſo the Angle at A, with a 


Daſn thus /, and the Required-leg' with this 
Mark o; then becauſe 4 C is given, C R is al- 
ſo 8 its Complement to 90; be- 


cauſe 4 R is 90 of the Chords, and R & equal 


to AC, is alſo given; all which mark for gi- 


ven, as you ſee, and you may proceed round 
the Circle if you will, to mark S F FG, 60 U, 
— a ie 501 34.3007 

The Angle 4 being given, its Meaſure R a, 
being an Arch 90 Degrees diſtant from it, is 
alſo given; and R © its ( lement, QO e- 
qual to R D, and O N its Complement, exc. 
which mark as before.; then becauſe A B is 


| vr D its Complement is alſo requi- 
1 


„as alſo A m its Complement, and MN e- 
qual to 4 B, and NT its Complement; all 
which Mark required, as in the Figure. 


| 7 2. Then obſerve in which Manſion your Pro- Þ 


portion fails, which is ſure to be in that Part of 
the Projection of which the Triangle is the Cor- 
ner, drawn here in double Lines, and bounded by 
the Letters 4 BAHR SCO NC. A Manfion is a 
Right- angled- triangle, conſiſtin * a Baſe, a H. 


1 


Spherical Tiiooometry. 55 


ſons are well skilbd in this kind of Projection, 


they may, inſtead of the whole Projection, only 


draw that Part which I have bounded with 
double Lines; nor need you be careful to have 


all the Circles, or Parts therein exactly pro- 


ortionable; but may draw it with a Pen, at 
pleaſure, holding to the ſame Form; only al- 


ways obſerve to place the Triangle at the bot- 


tom Corner, as here you ſee; and to find your 


Proportion, obſerve in which Manſion you 


have three Things given, and One required, 
which is here in the Manſion Q Rd B G. 


KRight.-angled at R and 4, the Side Q d being 
the Baſe, and Q B the Hipothenuſe, and CR 


and 4 B are Perpendiculars; and here you 
have QR given, and alſo Q 4d Radius, which 
is always given; and you have C R alſo given, 
to find B D required, in which the Proportion 
is as in Pla in- triangles, viz. As the Short-baſe- 
QR, to the Long - baſe Q d, or Radius; ſo the 
Short- perpendicular R C, to the Long perpen- 
arenen 3 


3. But to know whether the Proportions lie 


in Sines, or Tangents, or both, you may ob- 
ſerve as in Plain-trigonometry, when the Baſe 


is made Radius, the Perpendicular is a Tan- 


gent; but when the Hipothenuſe is made Ra- 


dius, the Perpendicular is a Sine; ſo here, 
when the Proportion lies in the Baſe and Per- 
pendiculars, the Long-baſe is Radius, and 
the Short-baſe a Sine, and the two Perpendi- 
culars are Tangents; but when the Propor: - 
tion lies in the Hipothenuſe and Perpendicu- 


lars, 8 


66 Spherical Trigononiẽtry. 
lars, the Long-hipothenuſe is Radius, and the 
Short-Hipothenuſe is a Sine, and the Perpen- 


diculars are Sines. 


Fourthly and Laſtly, To know whether 
your Proportion lies in Sines and Tangents, 
or in their Complements, obſerve whether the 
Parts of the M-nfion, where the Proportions 
Lies, be the Parts of the Triangle given, or re- 
quired, - or the Complements of thoſe Parts: 
As in this Caſe in the Manfion Qd B, the Pro- 
portion is as 2 R tO A; ſo RC to- d P, by 
Rule the ſecond ; but by Rule the third, QR 
is a Sine, Q d is Radius, and R candd B are 
Tangents; and by Rule the fourth, Q Ris the 
Complement of the Angle at 4 (becauſe it is 
the Complement of d R the Mealure of it) 
and CR is the Complement of 4C, and B 4 
is the Complement of. 4 P, therefore the Pro- 
portion is I: +. 3 2 951 


As (N) the Sine- com. of the Angle at 4 
is; 2 P. 3. 
So (RC) the Fangent-compl. of 4 C, ( E 4 
To (B 4) the Tangent-compl. of A B. 


I ſhall for the Learner's further Satisfaction 
anſwer all the fixteen Caſes of Right-angled 
Spherical Triangles, by this Method ; and 
when I come to the Application of them to 
Queſtions in Aſtronomy, I ſhall anſwer the 
Triangles by the Proportions found by Middle- 
parts, and Extreams-conjun&t and disjunQ, 
that-nothing may be omited that is. e 

= for 


* FE; 1 


Sberical Trigonometry, 67 
for the Reader's Inſtruction; nor yet, that I 
may not needleſly repeat that in Aſtronomy. 
which has already been ſufficiently taught in 
the Trigonometrical-part, | oe oe 


r 


S 
Of Spherical Trigonometry Right-angled. A 


1 Shall here only infert the Operations by the 
 Globical Projection of the Sphere, and 
leave the Stereographick- projection af them, 
till we come to the Application of Aſtronomy, 
it being the more Practical-part of Spherical- 
trigonometry, and aiming at Brevity, I ſhall 
eds to avoid Prolixity on the one 
Hand, as well as Deficiency on the other. 


CAs E tle firſt 
Given the Hipothenuſe, and an Angle 0 
find the Leg adjacent to the Given- angle. 
| The Hip. 3 600 ot . | 1 2 : 
Angle a=—— 2530 Required @ b. 


Here: 


_ Given ; 


88 Seien Base 


Plate 4. Hete the Proportion Neb in the 
Fig. 1. Manſion b f 4 Right-angled at 4; and 


hence by the foregoing Rules the 
Proportion 1 


As [4 Sine- comp. of a, — — 23:30 9. 96240 
To g 4 Radius ; —— —— — 99:00—10.00000 
So c e Tang. Comp. of a c,. — 60:00— 9.76144 


Tod Tang. Comp. à b. —37¹48— 9.7 9904. 


% 


Can the | ſecond, : 


Given the Hipothenuſe, and an Angle to 


— the Leg oppoſite to the 1 n 


| Gina 2 wy Required b 95 | > tha 


mos 


Plate Ag Here the Wee; — the 
Hg. 2. Manſion 4'd e, and the like in the 
M.anſion h Ke; and either oy it is. 


As a e, or he Radius, —— $0:00—410.00000 
To ac, or h g, the Sine of ac; 60:00 : 9.93753 
ane an 30: 9.60070 


12 3 — — 


2 5 org the Sine of be 15 20:12 : : 9. 53823 


"A 1 6 * : 6 1 13 - , 


Cas x 


1e 
1d 


ne 


2 —_ LE 
# 


— 


2 


** 8 rr FA 

WW wy; r nn OY N - YN 

— : n "CSG 7 8 
7 8 $7 * 

: 
w * 
. 

* 
*: 
- - -44 

= 4 

L'« 
: 2 

P J * 

i * 

* 
* 
» 
. 

i 
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c A 8 K the Third. 


Given the Hipothenuſe, and an Angle, | to 
find the ee Angle. | 


ac 60 oO Plate 4. 
Given —23 3 2 FRequied c. Ft. 3. 


The Proportion 5 14 in che Manſion 1 nd 
and is, 


As ce .. Comp. of a c — 60 00. 9.69897 
To c K Radius — 90.001. oo 
So g e Tang. Comp. of a- "IF 37 70 


Ty * Tang. of c— 


—— 


8 ASE te Fourth, 


Given hs the Hipothenuſe and a Leſs. to 
ind the Angle between them. * 


a c 60 oo Plate 4. 
Given * -57 22? Required 8 Fig . 


The Proportion lies 1 1n the Manſion 8 d * 
ind i it is, 8 | 


* 


As db ** Cons xe, | be 5. 48— 9.79915 
Toc e Tang. Comp. of a e — 60,00= 9.76144 
So g d Radius — * ooοο 


2 — 


Toge Sine Comp. of « — 23.3 2m "9.96229 
CASE 


— 


„% Nen ici — retry, 


, | | As 4 
C ASE he rig.” 115 
80. 
ven the Hi pothenuſe, and a 2 to fad 
the Angle oppoſite to the given Leg. To 
5 5 * ar bo: oO 
By "bn Given Th * been. c. 
The Proportion. 3 in the Wann 4 4 e, 0 
or h Ke, and it is, | | the 
As ac Sine of a c = am . 00 9.93753 
To a e Radius 90 oc—10.00000 Ml. 
So c b Sine of cb. | 20 : 12— 9. 53815 ; 
8 — an 
- Fo de Sine br! = 36m 9.66066 g 
R 8 . 
WR 3 To 
C A h. Sixth, by nt | 80 


1 en the Hipothenuſe' a and a tal, to find To 
4 the other Eeg. n a4. 4 
1 | $1:413922 4 ey 8 1 ni 
| Given | x 60 05 Re quired 5; b c ; 
l 4b 37 48 N EL Fa 8 
N ; Plate 4 The eren yes in the Maag on the 
1 wp. 6. a X F 
| Fig 6. * 8. 5. Ne 100 J Ih c/ 
e woot? F 1 10): eas) +3010 Gi 
OC] © — — — « 1 57K * Gf, 
2 — — „ : ; 8 ? 
0 . 8 £ — 1 ano } 9916 3 2 A | and 


2 


As 


3 SY - ' $. Y bo 2 
RNeckangled. 


As d V Sine Comp. of 45 —..5 7. 48 guys 
To ce Sine Comp. of .a c — 60 Oc 9.6989 7 
So y b Radius 90. oc ro. o 


* 


e 202 15= 3.9723) 


C A 8 * the Se vent h. 


Dd an Angle and à Leg adjacent, to find 
the Leg Om to given Angle. 


Given a, ab 7 55 48 J Red. be. be. . . 


The Proportion lyes i in + the Manſion ade, 
and 1t is, b | 


As a d gates —— 90: 00-10. .00000 | 
To ab Sine of «a b '——— 57. 48— 9.92747 


[Sod e Tang. of a 3 i 63830 


—_— > 


To o be Tang, © of be n 9: SOSTH, 


C48 the Bill. 5 
Given an hagle and a Leg adjacent, t to find 5 
the Angle N N to the r ue, 


a 


77: 442 That 6 
Given 2 7 — 4015 85 Required 4. EA 8p" 


11 


The Sen ls es in the Mug c Ti 
and it is, | 
As 


f Hon Trigonomet . 


As ct Radius— — — 90 85 OO—19:00000 


To ikSineof c — — 77: 44— 9.9899) 
So c g Sine Comp. cb — 20: 12— 9.9724} 


— EE ETISIEY 


To ge Sine Comp, of 4 — : 30— 9.96240 


Ca SE the Ninth. 
Given an Angle and 2 Leg adjacent, to find 


the Hipothenuſe. 


Plate 4. n nne 
Fg, Dy Given A7 . tra. 


The —— lies in the agen ks 


and it is, 


As b. i Sine = rand ay 2 ld Sona 
To ig Tang. of be — 20: 1:— 9.56576 
80 bk Radius — — 0: oi. ooo 


To Ke the Tang. of ac — 60 00==19.2384 


Casr the Tenth, 


* an Angle and a Leg W to ind 
the Leg adj * to the gi ven Angle. 19 


2 20. 12 


Pare 4, Given — 23 kenne. . 


Fe. 10. = 
** *Tws 


the 


Mel 


he 


EE eat bates cad 9 * Las RET 4 W PE WS 
* mn , <7; ; I 

bo 8 g 
- + * 2 x 2 


The geren wits in 9% Manfon ad * 


and it is, — 2 SY 3, 710 : 
Ni 6h wm nd? ; a 


As. de Tang. of 4. 23; 3G, 1 
To cb Tang; of cb- 20: 12— 9.56576 
$0 « d Radius — —— 90: 00—10.00000' 


ll 


To « b Sine of 4 TE 57. — 9.92746 


5 ks 1 DV * ; > : a 
4 * & * k I —— oo: — 4 7 ” 2» cg G 1 
— „ bo 5 : 
= # %\ 1 „ * — 4 ? % ww ** — * 


6＋64:qꝙqdm „ 4 


py 0 A * the Eleventh, : 8 


Given an Sacks and a Leg op . to bod 
the Angle ent to 8 Kren eg. 5 


IT ; @) Plate 4. 
Given be — 20 neues g. 11. 
The Propo po tion lies in the Melee, 55 - 


and it is, 


ks e g Sine Comp. of ö n 9.97243 
To g e Sine Comp. of a — 23: 30— 9. 96240 
80 c i Radius 90 0 i. oo 


=" 6 * 4 8 4 TS. = af 


To 74 Sine of c. — 44— g. 98997. 


INE 1 Tie 


7 4 ——— 1 
* 3 „ 


n VA a 


nes the with,” LID UE. 


a an Angle and a Le oppoſite, to kad 
the ren . 0 ppc 


' 


F ; : 4 - 4 7 * 4 7 - J " . 1 F N : 
$5 #3 $I 5 F4 1 1 +: > . 1 1 
SY a $ 3 E o pan 
© 


* 74 . Nieten habe, 


2 0 4 3 2 4 8 Go. 
22 Given {=> 3+ 3 Regan 


F. 12. — 20. 12 | 
The Proportion 1 lies in the Hanihos n « 40 % 
ea. 


As d e Sine of a * — - 23 130 9. 600 70 
To b c Sine ofbe - BY 3 — 9.53819 
So a e Radius — 90: .00=—10.00000 


S > © 


To ac Sine of a c 60 : 00 9. 93749 


CG: ASE the Thirteenth. 
Given the Legs, to find an Fae” 3 da 


Eg. 17 o be 20 e 1 


* 


The Proportion this in the, Mandon « de 5 
and it 18, - 9 anc 
n OY af ab: — wap 9.92747 * 
To a:d Radius . 90, OC—10,90090. To 


So b c Tang. of be. — W 1 9. 56576 So 


To de Tang. of a — 23. 18 9. 63845 To 


* LY 


YE A s ry II ea. 


Gixen the Legs to find the © Hiporhenſe. 


Plate 


« 3 


} | 
) 
* 


if 


To c g Sine Comp. of b 27 20.12 9.97243 | 


2 a7 1 t nennen 
1 : c 4 07 2 . K 8 # £ 
* * 2 ” — * 9 
* $ * 5 8 ” LY 
* — 2 os * 
7 3K 
ec vi N 7 . - * 5 : 
- © oy > 
ö * Nv 
: a alt 
* 2 . * 2 5 N 
. 
r a 2 , , 
OO » * 4 
= , 4 
; 8 


r Plate he 
Given 2, be 20 OY nog os 7 Fig. I4, 


The Proportion lyes in us Manſon gdb, 
and tis, | | 


4. gb Radius | 90:00==10,00000 
o gc Sine Comp. of b 20.12— 9.97244 
bd Sine Comp. of 4 b— OE; 9.72663 


To ce Sine ( Comp. of 4 © — 60. 0 9.609 


— Sherk. 


Given the Angles, to find a Log 
8 Pilate 4. ; 
r 3 77 Elea. 5 Hs, 15, 


— 


The Proportion lyes in the Manſion c kis 


and it is, £ | > 


45 f KSioe of C . = . 9. 98997. 
To g e Sine Comp. of a — 23.39 9.96240/ 
80 c i Radius — 99.9C—19.00000; 


. 
or 
hs DAS. 


"©& $ E the PSAS 
Sten the angles to find the Uipothenufe 
| 0 E %%% _ 


«Sb 
* — 


a 


76 © Spherical Trigonometry, | 


Plate 4. . — , gi 
Fig. 16. won 1 e . | 
The Proportion lyes in the Manfion c kj, 

and it is, . 35 1 8 

As ik Tang, of 77 44——10.66269 

Toge Tang. Comp. of 4 23. 30——10.36170 | 

So c k Radius ——— 90. 00 10.00000 


To ce Sine Comp. of 4 e 60. 00 9.69901 


— 


r 
| Pherical Trigonometry Oblique. 5 
. Ca E the Firſt, gi 


G I VE N two Giden and an Angle oppoſite 


to one of them, to find the Angle oppoſite iſ 


to the other, if it be known whether the re- 
quired Angle be acute or obtuſe. 


Pla 4d. Gab 42 125 
Fig. 17. Given 


be 35 20>Required a. 
-C — 32 12 0 55 | | 


* 


5 


e Axiom the Second. 

As Sine of 46 —— 42. 12 co. ar. 417284 
To Sine of e — . — 9.72663 
80 Sine of b 35 20 


9.76218 
To Sine of 4 


— 


27.19 9.66163 


The og at a 27 19 if acute, but if ob- 
tufe, it is the Complement of that to 180 De- 
grees, Vi, 152 2444. . 


-- Cas E the Second. 


Given two Sides and an Angle oppoſite, to 
find the contain'd Angle. 


e Pate g. 
Given y e 35 20 Required b. Fig. 18. 
32 IS ; | 
Let fall the Perpendicular bd by Solution 
© i the oth; and then becauſe the Angle abe is 
required, find the Angle d bc by the catho- 
lick Proportion, where you find the Side b c, 
is the middle Part, and the other extream 
Conjuncts, therefore the Proportion inverted 


18, | | 


| 78 : Spherical 5. 


As Thas, Comp. wg — 32 12 — 10. 8080 
To Radius — — 90.00 — IO 00000 
So Sine Comp. of b — 35.20 — 9.91158 


To Tang. Comp. of cbd 62.48 — 9.71074 ( 


The An 9717 c b A * thus found, find the 
Angle 4 b by Conclufion the Cy, thus; 


As Tang. of 4 b —— — 42.12 Co ar 0.04252 
To Sine Comp. of ch d — 62.48 — — 9.66001 
To Tang. of b c - 35. 20 — — 9.85053 


To Sine Comp. of ab 65 — 55312 


on Yen. rn mw 


The Angle 4 1 . 
Added to the Angle cbd—6 2-43 


The Sum i is che Angle a be 13 —52 


Cass the Third. 55 


Given two Sides, and an An le 0 * to 
find the third Side. 2 rr 


3 ab a 12 | Plate 4 | 
 Gineng c 35 20 FRequired « a c. Pg. 19. 
—32 12 | 


| Let fall the Perpendicular b 4, by Solution] 
the ninth; and then becauſe @ c is required, 
find dic thus; 3 
; 


IOW > ot naR -» 21 


. : 1 F EP 
: „ - * * — 
1 5 < 29 * 7 4 - 
; bu F 
0 . g A 
* © * * a ; 1 x » 2 * 

- 43 4 
* 


8 


* 
* 


one Extream-conj. 55 py 1 
8 To Radius — 90 00. Lk 
So Sine comp. of. Middle. part 32.12 . 147 


74 | 
| To Tang. of the other Ext 21 
ne © Cot: e e 2 


* en 5 A the ſee xib, 


4 | As This: copied of 11 4 2. or 4 41 


As Sine-comp. of b.c — 35.20 Co. ar, o obe 
To Sine- comp. of d c 3057 — — 9.93329 
So Sine- comp. of a b — 42.12 — — 9,86970 
en IE e, F 1 


00 Segment 3 — 58. 51. 
Added. to the e 72 $0. 57 


I. The sam i che whole Baſe s- 69. 48 


The odd and third Caſes may be G 
without the Concluſions: As for Inſtance, In 
ke ſecond Caſe where the contain'd Angle is 
uired, having two Angles, nd their Oppo- 

fr Sides given or found, the thy ird "OR may 
. * 


As Sine of half the Difference of the Sides 
'To Sine of half the Sum of the Sides, _ 
80 Tang. of half the Difference of the Ang les 
1 Tang. e of half the Angle required. 


Fil 


** 7 ; 
d, # AJ iy 1 18 31 "I T 1 12 +4 5 l 2 A d 
; I \ * 2, od 
10421915, ) 1 15 11 
1 1 | 


. 


8 Spherical Trigmometry, 


I 


And in Caſe) the Third, the third, Side 
is thus found 3 * 5 


— — 21 F | 


As Sine 6f half the Dilfcteite « of a given .b 
Angles fr 
To Sine of half the Sum of the given Angles, 0 
So Tangent of half the Difference of the Sides 18 
To a of balf the Side equiped. * | 
3 88 f 0 22 the Furth. = Mo f 
Too es and a Side oppoſite to one of o 

wen given, to find the Side oppoſite to the 
other, if it be known whether the Side ſought 

be more or leſs than a l 5 

i plare 3 1. es 

Fig. 20. e ab 4 — 131.52 Required ac 

LEN CT owns C. r tl 
e 5 1 
ee E Axiom the ſecond, on od 
As Sine 8 — * 32. 12 Co 5 8470 


To Sine of ab 42.12 — — 9.82719 
To Sine of b —— — 151 52 — 9.87198 


To Sine of a — — — 65.50 — —9 97255 


"NO Tz, When 2 a, or an Angle ſought, 
is known to be leſs than a: Quadrant; the 


Sine, or Tangent found, is the Anſwer to the 
. 2 5; 


To Radi 


* * * TE 1 * 
2 r 3 » 
* 3. WII 8 1 
1 N 
* a 
3 ASE "4 
. "> 
PR +——X 
_ & _ 
* 2 
* 
7 5 
wr 
x 
* 
c 1 
4: + 
4 
x 


Queſtion 5 "0K if more, its e Complement t rd 
Degrees i is the Anſwer, | 


NO TE alſo, When you are to find a Sine, 


or Tangent, of a Degree above 90, it is found 


by ſubſfracting the given Degree and Minute 
from 180 Degrees; the — 4 is the Sine 


of the Degree ſought: Thus the Sine of 48.8 
is the Sine of 131.52, ec. 


2 "Cars the Af. RAD 


. two A and a Side oppoſite to 
one of them, to find the Side inclu — | 


4a — 27197 e 
Fe — 32 12 ü re ac Py: 2, 
b 42 125 18 
3 
Let fall the N np d, 4-4 Solution 
the ninth ; then Wr £ is 78 * 


the segnet a en % 


FEY 11 


As Tang, Comp. of a b — 42. 12 10.042 5 
= 90.0010 ©0000 


er ahh. e's 9. 94865 


— . nn. 


So Sine Cop of a- 


To Tangent of a — 5 — 9. 90614 


. 


* * , - . pr * 
, i - 6 . : : Co - Sar uns 1 0 F F 8323 3 2 


= Sue Trignometry, ? 


. Then i nn the fron. 


"As Tang, of e = 32.12 Co ar 98080 
To Sine of ad — 3,51 - — 9.79746 
8⁰ Tang. of « — 7.1, 


„16 LP” Y 1 1 


To Sine of 4. — — 30. „ 


Then to TY inn ac —3851 
Add the Segment 4c — 30 57 


12 The gum is the Side . C — 69.48 1 


Casn the. Sixth. 


Given two Angles, _ a Side oppo, 0 
find the third 2 | 


| Plate 4. FF 6 buds 8 45 
Fig. 22. Given 4— 27 See, 


* 35.20 


Let fall the Per ne? Ju a b, by Coneluß- 
on the ninth; = then becauſe the Angle a b 
cis a find the ”_ BD 


32 I 210. 20084 
— 90 00 Ido. ooooo 


* Tang. Comp. of c c 
To Radius | 
So Sine Comp. of b c 


"To Tang. ny of £4 d — 6. 48 9. 71074 


T hen 


nn SaaS - 


* 20— 9. 91138 | 


— 28 6 S 5 Ll . 
„ eee x wu .T 


9 


2429 Be DS 
a, * 4 


4 


u. iy Halo, the . 


__— ——— z — 0 


As Sine ha Sp: famed 32 12 . 0 08 
To Gine of c b d —— 62 2288233 
Sa Side Sep of — 274g — 954 865 


To Sine-of « 54 — 6, 3—— — 9. 97029 


: c. ad 547 J o nie $617 2A 

etage. = 3 
ASE the Sue. | 2 

9 57 — —— — A f 4 

e Sides, and an Angle included, to 
find either ms A a 1 
90217 72172 — » 10 gts 1 9 1 

4 b 42 127 plate 8 


Given be 35 20 
735 52 


In this Caſe the Perpendicular may all ei- 
this from a or c, by Solution the ninth; but 
were there is that Variety, obſerve to let fall 
the Perpendiculzr from the End of + gfven 
Side whd oppoſite <0 a given Angle, ant alfo 
oppoſite to the Angle required: As in this 
Caſe, or next the Side required, as in Cale, the 
Me:: 

1 Then in \ the” Rightangled Triangle W A c, 


equi 4 Pige 23 · 


*Rightangled at d, there is given the Angle 7 


b (bebadſe it is che Complement of the Angle 
4 b c, to 1800 and the ee 4 OY to Hind 
the Bale bu has" wack 


* 1 ; ** 
212 ? 4 * (1. 12 1 


* * 1 "' if 
, oY 1 \ $a F 


E 6 


_ : 9 ads. 9 * P 7" 9 * = 
\ 1 - 6 9 * R * . : : . 
5 5 ang - F . > 7 
* 8 ET > * 4 
Lis — * WW” — 1 * - : f 
4 * * 
* » 2 
= - 
* 1 5 
% 2 


As Tang 
To Radi — 90.001. ooo 
8o Sine — themes 48. 8— 9.824 

a ww — Fi —— 


To Tag. f 9.67498 
Ten by Concluſion the eee . 


Tore 


the Sine of t 
An the Gee of the Wh Whole- er end 699632 
To the Tang. of d be 48. 8—10. 04759 
So Sine of the eg men bd— Wis 1 * 9:63T06 
To Tang, of a — — 27.19 9. 71298 
5 vt: | r > . 


Lit W nei) 


ICIS the Eighth, 3 


Given two Sides, and an . included. to 


fad the * aces 181 | On fat}? * b 
11 21 915011 2159 

plate * ST 1 42 12 hk Rane 0 201 
Fig. 24. Given Mg” 3520 Required 4e 
1 Cas * 05 o 21 45 5 


Here bt Solution the Rath, < Peryendi- | 
cular may fall either from a, upon cb continu- 
ed, or from c, upon @ b continued to d, 148 
here : And PRE in Caſe the ſeventh, there 
is by Conſequence given the Angle cb d, by 
which, and the AC the en c b, you. find-the 
Biſe 4b: As in Caſe the ſeyenth, which there, 
is found to be 25 19 


Then 


. Comp. of 5 a 149 4 


* * | 
50 A ö OI. E At? 
T 2 * LI Go .Oblt, 111.8 \\ 3 , 


* | Thos. by gelie- che ſich tie 11 
O by GET Sy 33615293 Uu9 
9 ** af db-—ag. 1+ Coar aac: 
To Sine Comp. of 5e 35.20 . — 9.911 58 
8 So Sine Comp. e 31. 9. 58253 
2 11 Heier 983 2 . \L 4 

To Sine Comp. of ac = — wn ge — — D 53797 

Ces s ik 05 8 1 28 mon W \ > 10 7 20 * 112 2 A 3 
18 d ere” oat ol 


6 . Gres two es and a Side included” to 
L find either . ue A 


8 2 
5 * 
Given 2b 1 
| 15 8201 i 3390 ; | * T8 *4 7349 

0 Here by Solution he TY hs rap ;- 
; MW cular may fall from @ orb; but in this Caſe 
. let it fall from . < becaufe i 1 18 the Concourſe Sl þ 
of the Sides given and required: Then to Hud 
5 the Vertical Angle a bd, where à b is Middle 
Part, and à and b Extreamy: Conjunct; N 
g | ow 4 ch bar ain 360 goil 
ho ihnen 343) agg. ds 3) 6) | 
* -As Tang. —— of « — 29 J. ie gh I 
a6 barony ou —— 90.00—-10.90000 * 4 
e 80 Sin t 4 12— 5. 865 0 1 
To > Tang Comp. of a * d — 69. 4— 9. 58278 
e, 
| PD From 
n 


netry, 


— 


Y ns a ie. * 
Fg N r * * 4 8 2 * 
- ö . . * n * = 
PP 8 
=, 3 8 * x x * p 
® - 
: fn : 
* 
. 
F Sos + o 9 * 
1 
* *. Z *4 | 

* — 
* * 


From the whole Angle 426 131. 52 
was the Angle ab — — 69.4 


|. Remains the Angle. b e 62.48 K 


89 cms ww 1 8 


ps 37 2 


1 = Concluſion Abe eight 
; Eo re 2 — cy ty —— A 018 oT 


AsSine Comp. of eb d — ja Co ar 0.33999 
To Sine Comp. of a bd — 69. 4 — — 9:55301 
So wa of 4 þ = 


4 53 40 8 32 21 G or | 


— — 2 


1 $ N 434 21 Dt ops . 8 0 


Given two Sides, and an Angle included to, 


ind Kaner Wave ti ad yd: cnl 


* 1 ; - » * * 8 * 


* 0 * - 'x* 3} N 11 J 11 5 1 3s + n & <4 4 4 : 


"Plate 4. b. 0 4 2749 10 iis? 11 101 
367131 52 


Required £; 10 


N 73 g 6 N 
24 b 42.128 Ir [82041227 207 
| CY 2 fy 2% 2 > C1 L 55 Þ has 311 


Vertical. Angle 4 . . by-the Prapastibn in 
E 7 


ne de 100 20 L 9 


ee 1 | . Then 


Here by —— 4 the ninth, phy the Gene- 
ral Rule in Caſe the ſeventh, the Perpendicu- 
lar muſt fall from f. upon a 4 then find the 


. Caſe | Hg ons 18 Oe WI erg 


4A 


: ; : __ * 9 - | * * * " 
9 — » — 
3 Ae 1 
„ 0 
9 
5 1 . the} ty | 
. 


„„ I” CO „ — — ASS 22 r 


7 — 69. ee 


To Sine Comp. of — 27.19 — 25948653 
80 Sine of c þ 4!ü⸗„•—ö r deen 2 


: To Sine * of Cl — 34.123 — — - 9. 92741 


* 


* . £ EIS x 22 —— ́ꝓꝗ— 2 


ca the Eleventh. nxt wt 


1 


„2 „% % ð— 


Given three sides, to end an o Angle. | 
| CE ad: PREY Plat ©; 
gb c 3520 Vx 8 a * al 


wa 
| -4 c 69 48 | 


- 


In this Caſe e the Perpendidulee muſt be let 


fall from the Angle b, upon the Side à c, by 


Conclufion the Cant and the * fol- 


lowing. 9 — 1 
T ben by Conclsſin the cn. 


* Tang «fd ym cn 34. 54 Co ar 0.15639 
wa 2 
3 wy Dee. A 9.90475 
80 Tang. of & Difference? 

ev, d e een, 


al ab 381018 


— 


To Tang. 3 2 Diff of Se the 
of the Baſe Z * 3-37 8483555 


To 


4 8 HYHbeial VDigonometry, 


— 


To the Half-baſe — 8 34.54 


Add the Half-difference ——— 3.5) 
The Gum is the greater Segment —— 8.51 
Or the Difference is the leſſer Segment · 30. 5) 


„344 „11 „„ 


TDhben by Axiom the fit.. 5 


As Radius ä 90,001 0,00000 
To Tang. of a 4 — 8.5 1— 9.90604 
80 Tang. Comp. of a b —— 42.12—10.04251 


- n 


79 TR 


To Sine Comp. of a - 27.20 9.94855 


184 
| 


Cs be Twelfth. 


Given three Angles, to find a Side. 75 


— 


. Plate K. ; 4 1. 4 — 2719 94113 - (001 ny J 
Fig. 28. Gireng - I31 52 Required ub» 


C www 3212 


0 TE, Before you can reſolve this Caſe, 
vou may turn the Angles into Sides, and the 
Sides into Angles; and then the Operation in 


— 


the ſupplemental Triangle will be the ſame as 


* 
- 


you muſt take the Complement of the greateſt 
Angle to 180, as in Solution the ſeyenth. 


* f . 
„ %% Sol 4 wen” 
; «© 4 16 & * - : 4 x 
23 p ; 
? 1 * 
— 8 - 3 + = 


* "t 
2 


4 
3 


— ͤ— 


in Caſe the eleventh; only in that Converſion, 


S mp — 


A «IJ 


4 ch , £4 \ 7 : * r : 1 2 1 
NY f Obli I 124 ye * a 
ique. Ml 


4 The Giredlavkt ples being) thus er 5 
7 Na and the Contrary ; the Operation i is the 
ſame as if ou nou 


£ 
1 


7 8 n 198 5 1 24 
| Given b — 32 12 wenn. Pe. 21. 
» e a — 48 8 - | 


5 | By Concluſion the twelfth; let fan * 104. | 
, pen icular upon the oreateſt Side ae, from i its 
I | 7 An gle b—t then ; * 5 | 


As Tang. £ 2 the Baſe 420 24. 4 . ar 0.3 5006 
To 40S "half Sum of 


the S1 es 2725 5 29.45 dns Hu 9.75705 | 
So Tang. half Differ. 

of the faid Sides | * = 8. 6285, 4 
To: Tang, balf bier | 


ez. of the Baſe | 3 1= 87340 
. 8 4 N 
Half Differ. oor? of the Baſe . 
Their Sum is the greater Baſe 1c 23. 11 
Tuer — is the leſſer Baſe. a & 20. 5 1 


rie, by. Axiom 2. El. 


As Radius | 90.00=10.00000 
To Tang. Comp. of a b — 27.19—10.28692 
2 Tang. of a 4kͤꝛͤͥ2⁊2. 20.5 — 9. 58304 


To » Sine Clip of a — —42.10— 9. 86998 


Ther 


90 Sperical Trigonometry, &c. 


The Angle a in this Triangle, being equal 
to the Side @ b, viz. 42 10, is the Anſwer re- 


The fame Anſwer is produced hy the Ope- 
ration grounded upon Axiom the third, with 
only the Difference of a Minute or two, occaſi- 
oned by the omiting half Minutes in taking 
half of an odd Number, as appears by the fol- 
lowing Calculation; 50 637 


* 


For the Side a b, the Operation is, 


Angle a 27.19 S co. ar. o. aa8 g 
Comp. b 48. 8 | Adj. An * 3 
Angle © 33.13 8 £ ng g 8 Co, a 


1 


Sum — 10:39 >; Sum Si. 53.21 — 9.90699 

z Sum - 53:494 Remaind. 21 37;— 9.56646 

An. c ſub. 32:12 ä — 

— Sum of the 4 Log. 19.93975 
Rem. — 23.37%) 2 Sum Sine 21 6— 9.96987 


216 doubled, is 42 12, the Side ab required 


See a further Improvement of this Caſe, in 


the laſt Problem but one of Aſtronomy- 


i . 
i 
_— 3 wa — 3 = 1 7 
» 
< N 1 
—— * 4m... z WW 2 . * a * . 
mY 


8 


e e 


FEE 


6 
Verde 
, 2 wu 


7 5 


e 


c H 4 P. Tv. 
ASTRO NO Mr. : 
aas AAAS) LARA ALIA 


5 E * T. * 
Aſtronomi cal Defini tions. 


OTE, Where Letters are refer'd 
I> YA to, and no Figure mention'd, the 


out by theſe Letters, may be found 
in all the 5 Projections; but where 
the Point, or Arch, cannot be ſeen in all, I 
| ſhall refer to the Figure that beſt illuſtrates | 
them: As Fig. 1. Fig. 2, exc. NOTE, Al 
theſe Definitions refer to Plate 5. 


POINTS. 


RI ſaid Point, or Arch, exc. mark'd © 


N ; * * 
S 


*_S 


92 Aſtronom p. 
POINTS. 


The Zenith is the Point directly over our 
Heads, as Z; and the Nadir is the Point un- 
der our Feet, as N: Plate 5. Fig. 1. 
The Poles of the Equinoctial, are the North- i 
pole, as P, in all the Figures; and the South- Lil 

pole, as S Fig. 1. and 5. theſe are the Poles 1 = 
of the World The Pole of any great Cir- 30 
cle is every Way 90 Degrees diſtant from it: all 

Thus the Zenith and Nadir are the Poles of MW 


the Horizon, ce. 2 
_ # E. 8 e 
Great CIRCLES. | ti 


The Meridians are great Circles paſſing 1 
through the Poles of the World, and cutting 
the Equinoctial at Right-angles : As the Pri- : 
mitive-circle,; Fig. 1, and the Right-circle 22 
3, Fig. 2 — Of the Meridians, Two are cal-. Ml * 
led Colures, viz. The Solſtitial-colure, as the F 
Primitive- circle, Fig. 1. (which guts the E- 
cliptick in Cancer and Capricorn) And the b 
Equinoctial-colures, which cuts the Ecliptick 
in Aries and Libra: As the Right-circle LA I! 
Pig. 1, and E PW, Fig. 3. C 
The EquinoRial is a great Circle that di- 
vides the Northern and Southern Hemiſphere, 
and cuts all Meridians at Right-angles: As E 


L , Fig. 1. WOE, Fig, 2- The Frimitive- 
\<ixdle Fig. 3, E N, Fig. 4, and Ii N Fig. 


The 


ww ye 


tive, Fig. 2, and H a O, Fig. 5. 


| Aſtronomy. 93 
The Ecliptick makes an home of 23 30, 
with the Equinoctial in the firſt Point of Aries 
ind Libra: As E LC, Fig. 1 =W © E, Fig. 
2. and 3 — The Primitive, Fig. 4, and HC 


0, Fig. 5. In it the twelve Signs are reckon. = 


ed from Weſt to Eaſt: As V Aries, & Taurus, 
L Gemini, > Cancer, N Leo, np Virgo, & 
Libra, m Scorpio, 2 Sagittarius, y Capricorn, 
= Aquarius, X Piſces; each Sign containing 
30 Degrees, makes in all 360 Degrees, as in 
all other great Circles. . 
The Horizon divides that part of the Sphere 
that is above the Earth, from that that is un- 
der the Earth? as HL O, Fig. 1 — The Primi- 
The Azimuths are Circles interſecting each 
other in the Zenith and Nadir, and cuts the 
Horizon at Right-angles: As Z ON, Fig: 1 — 
© ZR, Fig. 4. And the Azimuth that cuts the 
Horizon in the Eaſt and Weſt Points thereof, 
is called the Prime-vertical: As Z LN, Fig. 
- and Z E, Fig. 2. — And the Primitive, 
Circles of Longitude, cut the Ecliptick at 
Right-angles, and interſect each other in the 
Poles thereof: As E AV, and CA K, Fig. 4. 


Leſſer CIRCLES. 


They are commonly Parallel to ſome great 
Circle, and hence called Parallels: As Parallels 


of Altitude, as r © U: and Parallels of De- 


clination, as g Om, &c. Fig 1. 


84 A 


EquinaRial; . 23d. 30m. Northward, and 
the Tropick of. Capricorn the like Diſta uce 
— 2 — he Artiek Circle is diſtant 
from the Equinoctial Northwards, and the 


| A Southwards, 66d, SH. 


4 Arches, af leffer Circles as never Parts 
of Triangles. 5 2 | | 


nt: 22 . Hb 8 £< 


Arches my great CIR CL ES. 


4's * 
Ss * 


N OT E. la the following DeGuiaions, what 
is ſaid of the Sun, may be underſtood of 4 a 
Star, Ll 405 Paint it in the Heavens. 8 4] 


| " Sunks Altitude is an Arch at 20 a 
cContain'd between the Sun and the une 


As OR, Fig. 1, 2, 5. 

Amplitude from: the North or South, is an 
Arch of the Horizon, between the North or 
South Point of the Horizon, and the Point 

where the Sun Riſes or Sets: As D O, Fig. 1. 
Azimuth is an Arch of the Herde com- 
prehended between the Point where the Azi- 


muth Circle that the Sun is in, cuts the Hori- 

on, and the North or South Points of the 
1 Thus the Sun's Azimuth from the 
South, is en rs the Arch I R, Fi ig. 


orizon: 


1— 


. Right: aſcenſion is an Arch as the W 


contain'd between the Beginning of Aries (or 


in Aſtronomical- . between the near. 


1 eſt 


The Tropick of Cancer is 4 Parallel to the 


; 5 0 nn Wo atop 25 W 2 * wer 
OY 7" a 
425 ; F 


- eſt Equlzodial-roinchand.. Pl Point of as: 
d Equaror, that Smeg 80. the Meridian with the 
ce Sun: As T. b,. Fi „. 1 
it ' Oblique-aſcen fon is an yy of He, Equi«: 
+ noctial, contain'd between the next Equi- 
noctial Point, and that Point of the Equi- 
noctial that Riſes with the Sun, and is found 
10 by adding Is or ſpbſiraQing: Kun 1 Right. 
Ba cenſion; th — 1 
Aſcenſional — Which is an Arch. of 
the EquinoCiial, contain'd between that Point: 
of the Equinoctial that Riſes with the Sun, 
and that that SER to the Meridian with 
him: 2 By 5 
92 7 e of Sun Sem is an Arch of 
1855 ,. contain'd. between the next 
W int, and the Sun: As L ©; Fig. 
E O, Fig. a and 3.5 een | 
and 0 2, K 18.5 5 . | 


'Declination is an Tuck of the Meiden con 
n tain'd; between the Equino&Qiial and the Sun; 


r As O b, Fig. 1. 
t Latitude of a Star, i is an Arch of a Cireld of. 


Lon gitude, comprehended between the Star 


„ and the Ecligticks, As * C, Fig. 4. ; 


NOT * The Sun always Wares i che E. 
chptick. and never hath any Latitude. > 


'Eongitude on the Earth, os messen "Wie an 
Arch of the Equinoctial, contain d between 
IB the Meridian, where the Longitude is ſup- 
'3 pos d to begin, and the Meridian of the Place. 


way bs ij "Þ 


1 5 NOTE, 


96 ; 3 


NOTE, Our Engliſs Geojttuphirs and Navi. 
ators of Late, do ee, begin their Lon- 
| oy: at London, and hom wan Eaſt or Weſt 


om thence. 
4 N G L E * 


The Hour of the Day is an Aue made at 
the Pole, between the Meridian of the Sun, 
and the Meridian of the Place: Thus the An- 
ole Z P ©, is the Hour from Noon, when the 
Sun is any where in the Meridian > © & Fig. 1. 
The Sun's Azimuth is an Angle at the Ze- 
nith, contain'd between the Azimuth that the 
Sun is in, and the Prime-vertical (if reckon'd 
from the Eaſt or Weſt) or the Meridian, if 
reckon'd from the North or South : Thus the 
Angle © Z L, is the Sun's Azimuth from the 
Fat or Weſt; but © Z E, is the Sun's Azi- 
muth from the South, Fi 

The Sun's greateſt ne is rhe Angle 
that the Ecliptick makes with the . 
As the . b L ©, Fig. ber” | 


NO TE, All theſe and other Ar a in At 
ſtronomy, may alſo be reckon'd Arches of 
thoſe great Circles that are 90 Degrees di- 
ſtant from the Angular-point : Thus the Hour 
is an Arch of the Equinoctial: The Azimuth 
is an Arch of the Horizon, exc. Of which ſee 
more in the foregoing Definitions, and 1 in Prob. 

9. of = EP Geometry, 


SECT. 


— 


—— UK n a TE 


**. 
Vu 


** 


- 
PTS 2 
_— 


8 S Bob Ber nc os: 
 Oyeſtions in ASTRONOMY. 


fStronomy is no more but the Application 
of Sphericatrigonametry, or ſuppofing 
the Arches of Circles, which conſtitute your 
given» Triangle, to be Arches of the Horizon, 
| Equator, Ecliptick, c. and thus by truly 
knowing what Circles the Longitude, Decli- 
nation, Right-aſcenſion, exc. are Arches of, as 
x already taught at large in Chap. 4, Sect. 1, 
You have nothing to do in your Aſtronomical- 
operations, but what you are already taught in 
the Operations in Spherical-trigonometry ; on- 
ly to make the Work more intelligible, I ſhall 
inſtance in ſome of the moſt uſeful Queſtions 
in Aſtronomy ; and for Variety, I ſhall per- 
farm the Operations by my Lord Nepair's Pro- 
portion, that the Learner may underſtand the 


Variety of Proportions, whereby Spherical 


trigonometry and Aſtronomy may be per- 


NOTE, Whereas in moſt Caſes in Aſtronomy. 
when you project them, you firſt draw the Pri- 
at and croſs it with two Diameters 
(as Plate 5, Fig. 1, the Primitive- circle Z HN 
0, is croſt with two Diameters Z N and H O) 
there fore to avoid needleſs Repetitions, when 
you ſee at the firſt, P C r it ſignifies, Draw 
the Primitive-circle, and — it, vi. Croſs 
| it 


it with 8 Diameters, as above deſcribed, 
and then r as Hire Sede | 


'FROBLE 11 L 


i «A Qua deat 0 A 
i . 9 Lee Declin. 233064 1 


| Require Sun 8 preſent Declination. 


Plate * 10 Cuesmerrica ProjeBion 


1 ſhall. 3 in this upon all the fire 
Plains; and firſt, n the hin of 
Fig. the Merid ian. TH 


NO T-E, Although, the 8 this Pro- 
— has no regard to a given Latitude; yet be. 
cauſe it ſeems more natural to ſuppoſe a given 
1 I ne ine, in Latitude 54 40 


hs 


: 1 0 ſet off 0 * 54 40 to 
P, * Chowiſe from H to &, and draw p 
the Axis of the World; and at Right- angles 
it, draw QAthe Equator; and at an Angle of 
25 30 to that, draw E C the Ecliptick, — 
Which — Longitude is an Arch of the 
Echptick) ſet off Os Longitude 60, from L to 
 anddraw the: Meridian P, O, — (be⸗ 
cauſe; the Declination is an Arch of the Meri 
dan) the Arch F, S meaſured 3 Tod. 8. 

8 is the nn 1 
6 Ur 


tion tequited. bag en 14 


| » 6; k i G p * 
4 8 1 11% 37 ern 1 31 t ba. . by * 


1910 
20 * nd * Mags 7 4 


-, 
«DS 


+433 4 


M *. Biber the Plain 50 the Agtiagh,” K. 2 | 


„then i is theater Z the Enid and 
p 12 bole; then 90 Degrees from P, draw 
the Equinoctial QE, and 2 505 from *. 
eh 1 5 . 3 ES. ſet, off rees the 


$ gitude from E to- Lp raw the 
OH 9 ©.5 R, the: AND © * Ye Deelinas | 


; : 2 14 4 12 „ 4 4 
. +, ++ i + 4 \.# 34 * + 3\.1 w # 4 0 — 2 4 1 * 


4. , Upon, the Plain of the en Eg. 3. 


cg chen is tlie Primitive Circle the . a 
olds and p the Pg e draw ECW t E. 
jptiek, to make an 4 ele of 23,30, wit dete 


Primitive at E and 255 nd ſet off 's Longi- 


tude 60, o from E to O, and draw the Merj- 
dian 5 © P; then. by © meaſured by Prob. 8. 
Var. 2. is the © s Declinaion required, 


74, Vion der a of the Landre ii 4 
ee £856 Fm ih 


x | „Triangle falls; without 
the 'Primitive- circle; ; Gy ha aving "found, P:the 
Pole of the World,” þ 15 is known to bez 3 
30 diſtant from 4 the Polè of the Equator, 


dra the > Meridian K P. Db, .the-Are h. OH. is 


the Dede in kon requi n IN 
*NOTE, Any LY e eich 116 fre 


circle, is Wit S by the ſame Rules in Prob. 
8. that an Arch e the Primiti ve- circle is 


* F 2 meaſured 


400 „ onomy. 
meaſured; and here I have contrived the Pro- 


jected· triangle to fall without, to ey the I 4A 
Reater the Variety. Ty” : 
"5: Upon the Plain of the raus . 5. a 
"PC Q, then is 2 the Zenith, draw 92 the = 
Ecliptich and HO the Eq yator 3 ſer off | 
ongitude 60, © from 0 100 ©, and 7 8 

Meridian P, ©, S, to cut the Equator i in! 
the Arch b © is the An required. | ( 


NOT = The Triangle 0 b © falling TY 
in the Primitive, all that Part falling without, 
" teſs d by pricF” d Lines, might be omited ; 
only here I have inſerted it Wlex MAR: Learner 
fee the Reaſon of 30 Yo ork. _ eee, 


F I 
, - - 0 # : } Pa wt — Ys - F723 4 


4 , T 
. * 4 | 
* GG 81D 


rig ited Cale. Tir ob” 
The Triangle L b ©, Fig. 1, or Eb Os Fig. 
2; 3, and 10 O, Fig. 4, or 0b ©, Fig. on 
the Triangle. bere r Neſed. in which you . 
have given L ©, Fig. 1, or E ©, Fig. 2, 25 
or w ©, Fig. 4, or 0 ©, Fig. g. 3. che 'Sun's * 
rex wack 60 o; and the "Angle 2 Fig: 1, or | 
E. nd 3, 1, Fig. 4, or O, Fig. 5, to 
find the Arch 6 ©, by Cafe the ſecond. < 


Here the Sim's Deeclinatioft rec wired, i is tia SI 
dle- andy and the other two, Exiteaine-die- 17 
5 therefore, 10 2750 . de 


74 fy Cx * % & 
A * Pg We Sr 


* a — 


1 | 1 

899 af” * N + FX ? * 
11 1 5 > . : N 
216 : y x F. * i * - - 


As Ra 


ann 90 © e 
To Sine of eee eee 23130 9:60070 


80 Sitte of Sur 's Longitude - — 600. 9.93753 


409 11 i 28 NJ He 


Fo Sine of Preſetitudechin' reg. 20 12 9. 33853 


* 


PROBLEM U. 


©'s La "LK 60 O 5 
onen N de. 23 5 © Riga | 


— ng — wo» oe © SS er og tr 2 — 


Tis projeKtee 28 Prob. 1. being the me Data, 


The Given angle 1s Middle-part, aud the 
15 8 — Therefore 2 Caſe 
e fir 


* F LJ 


As Tan | Comp. © Lang,» —— 60 o. 9. 76144 
To Radius — 90 © 1000000 


80 Sine com. Greateſt · dec. 8 C. 23 30. 9.96240 
To Tang. af Q Right-aſcenfi 57:48; 6.20088 


+ * 2 
, RY L 4 9 
* A 1937 — f 


RO BL E M. 1. 


5 


3 


3 ( zrcatelt In } : 1 : T7 . { F 7 A 
. gelt del Tek on Long. 1 


Preſent- declinati. I 15 


4 


„ 23 30 ee Plate 8 
declination 20 12 N 


f L E 2 ; 6 L 5218 
r 188 1 4 8 *» U * $4 7 34 tC 0. 


. Aſtronomy. 


"Is Project it upon the Pl Plain of the Meridian: : 


Þ Cg. and draw B yy AG _ A Nhe E. 


quator, and E C, the Ecliptick, exc. as in Prob. 


3. Aſtronomy 3, then draw the Parallel of 
Declination g On, and where it cuts the E- 


cliptick, as in the Point O, draw the Meridi- 


an POS; then is L © the Longitude re qui- 
red by Caſe the twelfth. 


As Sie-. Dis. —_— Dec. 1 9. 60000 
To Radius 90 oO. Io. ooooo 


So Sine Mid. part preſent Decl. 2014. 9.53819 


To Sine-ext. eli © Longit, —60 > ven 


PROBLEM w. 7 
i ies ecard 


ien 


EGreate — 23.90 f 2.08 


Plate 5. Required O Righvaſcenfion 


- 1. 
1 Reds as Prob. * — Then by 
_ Caſe the tenth 


As Radius . 0. 10. oo0⁰0 
To Tangent-compl. Extream- 

conj. greateſt Declin. T C Ka 30.10.36170 
So Tang. Ext. Con. preſent Dec. 20 12. 9.56576. 


o 
F D „ a ming 


- a 7 


To sine Mid. part Rightaſcen $7: 48 5 9.92746 
PE R O- 


0 


1 


0 


1 
ey 


Fate. oak, 


s ho y- 


„ 


Alu . 103 


. R O B L EM . 6. 
ET g. I... 


6 "greateſt Dec. 23.30 JR. ; 
edge command 57. RY | Req O s Lon. | 


5 C and "as * 70 Have no reſp _ to 1 75 
tude in this, as well as all the cn Pro- 
blems, you may let your Perpendicular Diame- 
ter repreſent the Axis of the World, and the o- 
ther the Equator; then at an Angle of 23 30, 
with the Fquitbr, draw E C the Ecliptick; 
then upon the Equator, ſet off the Right. YE. 
cenſion (becauſe the Right-aſcenſion is always 
an Arch of the Equator) from . to b, and 
dea w the Meridian Pb I, and obſerve where it 
cuts the Eeliptick: As in the Point O, the Arch 
L O, is the G's Lnogitude e Thea; 
by Cafe the ninth. . 
As Tang. br. Con. Kabale NE elend 
To. Radius 90: oo. o. oo 


So Sine Comp; Mid: pt. or. Dec. 43:30. 9. 96240 


70 Tan. Com. Ex. and . 60: © 9. 16 


n 


0 8 1 E M 3 
Ss restelt ISL 30 
onſite aſcenſion - 57. EY obe. 


Projected a6 P. Prob, 3 — Then by Caſe the 


Trench, u 2s ea 


Fa 92 19 es > 


8 22 


As Tan. Com. Ex. Con. Gr. De. 23.30 ro. 36179 
To Radius -— 90 00.10.00000 
So Sine Mid. Pt. Right-aſcen. 57-48, 9592747 


To * Ex. co. 9 Declin. 20:12 ven 


} 


PROBLEM vn. 


Plate 6. Gire p 45 of the Place 54 40 


Fig. 1. © Declination - 2012 -Req. 


Aſcenſional-d n —— Prob. 
© Riſe and Set 
Length of Day or Night 
©'s Amplitude | 
What Hour © is Eaſt — Prob. 11 
©'s Altitude when Eaſt Prob. 1: 
D. Altitude at 6 — — — Prob. 13 


's DG at 6 


Prob. 9 


— Prob. 10 


c et off ihe Latitude 54 40, from 0 to 
* 7 om H to S, and draw the Axis , 5 
and at Right-angles to it, draw the Equator, 
LE 0, and at an Angle of : 23 30, draw E C the 
Ecliptick; draw the Parallel of Declination 
6 O M, diſtant from the Equator 20 12, e- 
qual to the Given-declination 3 and where it 
cuts the Ecliptick, as in O, draw the Meridi- 
an p © S, and the Azimuth Z © N; alſo 
where the Parallel cuts the Horizon, as in D, 


draw the Meridian y DS; and where the * 


rallel cuts the Prime- vertical, as in 3, draw 


- Prob. ; 


| = — — Prob. 14 | 


1 


1 


— 4 
® 


„ - Q © 09 


Z5N; w hich/ done, t 
cenſional- difference, L D the Amp 


g * 


the Meridian » 3 $ z. alſo where the Parallel 
cuts the Axis PS, as i draw the Azimuth 
the Arch Z 5 7 is the Aſ- 
itude from 
the Eaft- or Weſt, - becauſe G M is Nele Parallel 
the Sun moves in that Day, and the Point D 
is the Point of Sun's Riſing: DO the Ampli- 
tude from the North, the Angle 3. % L equal 
to the Arch 2 L, is the Hour from 6 that the 
Sun is Eaſt or Weſt, vix. In the Point 3, the 
Point 3 being the Point that the Sun is in 
when Eaſt or Weſt; and hence the Arch 3 L 
is the Sun's Altitude when Eaſt or Weſt, and. 
the Arch 5 6, is the Sun's Altitude at 6, and 


the Arch L 6, is the Sun's Azimuth at 6, ta- 


ken from the Eaſt: or Weſt, ccc. r for 
e er nine? » ; 1 nen „ no at 


DN Mts to be 0 an 


n ret, For the Aſcenfional difference, / 


; ” the Triangle L y z you have ive ae 
yg an 0 e, and the Leg 
y the Belus tion; to Aud 2 y the Aſeen 


12 -D Nee 1 Therefore by an the 


ks Ni nd, 9 —.— - 90 ©.10.00009 
To Tang, of Latitude 54 40.10.14941 


So Tang. of ori) hugs — 20 12. 8. 56576 


To Sing! of ns 31, 16. 9. 72 5x7 | 


* 
1 zall 8 5 1 1 34 4 | 2 14 E. 9 4 5 5 „ * 1 
21 * . 

1 

4 


* * 
acki 5 gel + 29 71% ech Sint 
4 fr: 


. * 8 : Aro 
K % I ; * 611 8 3 G Ari * 


= ex A 5 7 2162 


PROBLEM: vn 2 S 


CA 


To 60d the Time of Suv's Rifing wil Setting, 


The Abends Dalfiretice 31 nSicthvckted: 
Degrees to one Hour, 


1500 Time, allowing 15 
and one Degree to 4 Minutes of: Time, gives 
the Hours and Minutes that the Sun Niſes be- 
fore 6 in Summer, or after 6 in Winter: Thus 
- 16, gives 2 Hours 5 Minutes, which fub- 
ſtracted from 6, leave 3 Hours 55 Minutes in 
the Morning for Sun's Rifing ; or added to 6, 
makes 8 — 5 Minutes at Night for: Sun's 
Setting, &c, and the contrary in SouthDecli: 
nation, when the Sun Riſes after, and Sets be- 
fore 63 and then, inſtead of adding, you 
muſt ne and d Ay CRT? : 


* bs * * * <xray 


* — 4 + <4 


$2] 26 PROBLEM | NK. 


2 * 5 - 
. nd + 5 «6A 'T * 4 — 341 ” N * 
* 


ts fa the Length of the iv of FO 1 * 


The Sun's Riſing found by Prob. 8. bein ing 
doubled, gives the Length of the Night, 


double Sun's Setting, 20950 the Length of the 
Day: And thus, as by Prob. 8 155 Kind Sun 
Sets at 8. Hours 5 Minutes, which doubled, 
gives 16 Hours 10 Minutes for be Length of 
the Day; and the Sun's Rifing, wiz. 3 Hours 
55 Minutes — gives the Length of the 

| | Night, 


- 


WOT. 


> ow + & © 


— 
53 


& i- 


om 107 
Night N ſo Foun 0 is 7 Hours 30 Mi- 


„ 


* «© # * . 
. 
2 * £ 7 Us » % n 4 * 2 


PROBLEM, x. Flas 
.. 


Latitude and Declination given; 0 "HE the 


AN. 3 e 


In the former Projection the FI 1 | 
ta, you have given in the Triang le Ly D, the 

at L the. Complement of „ ae and 

the Leg Dy the Declination, to find the Hypo- 

thenuſe L D the Amplitude ; and here the De- 

clination D y is Middle Part, and the other 

Extream Disjuncts z therefore by Caſe 227 . 

16 92/1} 15617537 

As As Sin ne Comp, Latitude, — BC 54 40 59,7622 8 


adius ; —= 99.00 Ig.haged 
6 Sine of Declination, 


t »*% 4 * 
, 45 * 


20 12 9. 53519 


8 


To Sine of Amplitude. 1 > 364 40 9:3 vg 


This is the ſame roportion that: riſes From 
the A Ferch 2 1505 24 £6 0/N {IDE vo i 7 


wo [1 Nw 


8 PR OBLEM, OY — 
tend of the Place 9 $6, an 1 Sun's 5 5 
wh 


3 20:12, given, to Hout 28d 


and Minute the Sun will be due Eat or Weſt. 


'ProjeQed as in Prob. 7, being the ſame Data. 
—: 


_ a Aſronony. 


This falls in the Triangle 2 Lage in which 
you have given the Angle 2 L 3, the Latitude 


54 40, and the Leg 2 3, the Declination to 


find the Leg 2 L, the Hour from -6 when the 
gun is in the Point 3, viz. Due Eaſt or Weſt, 


and falls in Caſe the Tenth of Rightangled 


Spherical. Triangles. therefore, ohne 


As Radius. — — 90 0:10.00000 
To Tangent Compl. Latitude, 54 40. 9.85059 


80 Tangent Declination, — 9.12.9. 56576 


— 


To Sine of the Hour from 6. 1 25 . 94163 


Which g gives one Hour 16 de added to 6 in 
the 1 or fubſtracted from 6 in the Af. 
ternoon, the Sum 7 is the Time when the Sun 
i Eaſt, and the Remainder 5 the Time when 


he is due Weſt, « G — 


Plate 6 PROBLEM xi. thts 
Fig. 4. | 


: | Having the Latitude 54 io. ns De: 


clination 20 12, to find the Sun's Altitude 
when Eaſt or Weſt. 


This falls alſo in the Trian gle L 2 3, the 


Angle L and 15%, given to find Se Wipe: 
thenuſe £ * byC ate . | 


. £3 FEM 


p - " , E i F 
* "# / 7 "© ©. » 5 . * f "I. el k „ 
5 4 
e Az 
„ — N . ** * 9 . * * 
7 5 0 ; . ' 
= . * Pp \ "i Y ; 
4 . . £ [1 , ? 
d 3 4 . 1 . : . ö F 
- * ” 
EY a 
2 


44 


3 4 4 288 


2 


0 


| AS Radius, — — 
To Sine Latitude —— 54:40. 9.91158 


As Sine of Latitude, —  —— aud 39A 1 


To Radius Pay hr Cogan an 09. 10.0000S 
So Sine Declination, - 


- — 20:12, 9.53818 


To of © At when. or way x. Scicer 


Pp ROB L EM XIII. Plate 6. 
| Fig. 1. 
By the Latitude 54 40, and Decli- | 


nation 20 12, to find the Sun's Altitude at 6... 


This * as in Prob. 7, falls in the 
Triangle L 3 6, in which is given the Angle 
L, the Latitude, 54 49, and L 5, the Decli- 
nation, 20 13, to find the Side ; 6, the Point 
5, being the Point the Sun is in at 6, and the 
Arch 5 6 his Altitude above the ae at 
that Time; therefore * Caſe 2. 


50 o. IO. .00000 


So Sine Declination, — 9 53819 N 


— 


— 


To Sine of Altitude at VS — 165517 9. 44977 


PROBLEM XIV. F 


Fg. 1. 
Given the Colin 54 40, aid 8 
Declination 20 1a, to find Lun's Azimuth at 6, 
which falls in the {ame Triangle L 6 5, in 
which is given, as in Prob. 13, to find the 
Leg L 4 y Caſe the 7. | 


hs 


ed a EA 


Ks * Tag. Comp. Ded. Siselaag 45444 


To 


$a Sine Comp. 0 54 40. 9618 


To Tang. Sun's Azimuth at 6. 12. 1 9 $5794. 


Plate 6. oZ M *. 


0 1. 7 
* Eatitude and! Aſcenfional Difference 


given, to find Sun's Declination. 
This; and the following Problems, are only 


other Parts given and required in = fore- 


mentioned Triangles, as the Learner may tafi- 


Reader” 8 Practice. 


= ——ᷓ— ᷑ᷣmũl—1 2 — — — 


In the Mirage E bee i by ten 61 15 
the'Aſcenfiorat Difference 31 16, 100 the An- 
E the Complement of Latitude 35 25 by 


ind D 9, the Peclination Ape W 


As Tang. Comp. wo "7 
— 0 ©} ent ; ©: ; no | 
rr e, 18 ago 


4 \» ## * 4 1 ” E's 
vi 3% # - 2 4 


52 — — 90 00. 10. 00000 


ſee by what is already laid down in the 
re-going Problems; and therefore I mall 
not need to inlarge, but ſhall lay down the 
ueſtions, and leave 8 for the , 


«a, *» 


r 


E the Sun's Amplitude. © b d obig 


Sun's 5 


PROBEEM . [TY 


* Hig. TT 885 
Given the Latitude of the Place 54 ; 
40, and the Aſcenſional Difference 2 165) to- 


0 11341587 


In the Triangle L y D, there is given the 


Angle at- L, and the Leg adjacent L. em eg 


the Hipothenuſe LD, as Caſe ä 


As Tan gent Ly, 
To Ra ius 3 1 
So Sine of . of: 25 
To Tangent r e of L 


4 9 


PROBLEM XVII. 2 


1 the Bae of the Place 54 40, and 
the Am rage of the Sun 36 40, to Kuck che | 


Ci lination. — T: | 48 I J > „ = i iT 
4 1 


In the Triangle Ly D, is given the A pate . 


gat L the Complement of Latitude, and LD 


the Amplitude to find the e * -by 
Caſe * Second. | v1 


As Tangent Googlenent off 
To Radius; > 4155 Ty 0 


| So Sine Complement of =. 
To Tangent of D. 7 


71 * * 1 : - : 
1 FRO. 
4 © 


gene PROBLEM om. . 
- Given hs Latitude" 54 40, ys Sub 3 
plitude 36 40, to find the Aſcendion; Dit. 0 


mn STENCE. 


iv 24 — a4 Fay F. x l #45: 4 © 1:3 be! 
b. 10 * Triangle L. y d. Hr. the len 
and the * L D, to find L — 


the Firſt. 

hs 33 Complement of L LY ; 
To Radius: 2 
So Sine Complement of YE K 
To Tangent Ly. 1 + 
2H 4 * 5 — ”" A eee on # | | t 
ns 14 ene if 
F Fluss, PROBLEM * 5 * 
| Fg. 1. L 1 | | f — 1 
Tube Son's Declinttion 20 151 an Men 1 
nal Difference 31 16, given to find the Lati: = 
tude, of LIVE Tee 11 Int 135 TT 4 1 . WK 
in the Triangle L 7 FY 18 en Ly fun D f 


„ to find the * L, by Caſe the Thir- | | 
teenth. ; _— 


"# 


As Tangent D et af 
To Radius; 1225 kk 7 | 11 , 9 
So Sine of EV, | 

. To Tangent Complement or 5 


. — 


2 1 EO. 8 
7 8 8 1 1 . 
4 : | | 


 FROBLEM XX. Plate 6 

2 5 Eg. 1. 

; 5 3 * 3121 1115 0 a4 uk : . £ 4\ 2 : 
| Given as in Prob. 19, to find Sun's Ampli- 


fude'L'd, by Caſe the Fourteenth. 
As Radius, 


To Sine Complement Ly; 
So Sine Complement D, 
To Sine Complement L D. 


I might advance to a great Number of Pro- 
blems, which may be deduced from the ſeve- 
ral Right-angled Triangles, contain'd in this 
Figure; but not willing needlefly to encreaſe 
the Number, I ſhall confine my ſelf only to 
thoſe where the Latitude is required, they 

being of moſt Uſe in Prafticeat ges the Art- 
iſt being commonly fitted with Books, In- 
ſtruments, exc. whereby the Sun's Altitude 
Declination, exec. is attain'd without Trigono- 
metrical Calculation; and by the Help of 
| theſe Problems following, the Eatitude may 
ſometimes be attain'd in a Morning, or Even- 
ing, when an Obſervation cannot be had at 


_ Armory. 
Plate 6. PROB L ok Ft | 
* * i 


Given the Sun's Declination 20 12 Noth, 
ad ehe Amplitude 36. 40, to find, the Lau- 
tude of the lace. 8 


In the bn. L y D, is given mm Hipo: 
thenuſe L D, and the Beg 1 E. * to find the 
Sngle L, by Caſe WE, F JD... 


As Gine£ D, 5 T 0 1 
Ae To Radius 3 LE as 
., So Sineof Dy, 
2 my or Sine of of 
Fig * 0 £7 C34 x£1 


The Sun's FEY 8K « 40, and Alæegfo· : 


nal Difference 31 16, gives, to find tlie . 
a ofthe. Fk Wn ot 


Ci 
* 
4 N * 4 
* — 


10 che Triangle L 7 D; „ "> 


Eipothenuſc L D, and the = 5, to find 


the Angle L, by Caſe the Four 


of 


: 
a! 


A 
As Radius, 2 7 - 
To Pen Lys + 4; nib. | 
bee f 2 5 . 
34 + 149-246 54 3 ha 2 2 yt 


_—_ Set 


1938 Ft 1 4 41 10 


E XIII lite c. 
rr a N 1 - "Figs 1. 


* the Sun s Dedioation 20, 12, R 


Altitude: at S 8 Heck 16 (ay to a the 
Latitude. 101110 i 701107 v6! 


2 * ® 
of 2 27 


2 
— 
* 


In the Triangle L 5 6, is given the Bine. 
thenuſe L 5 the Declination, and the Leg Za 
the Altitude at 6, to find wi Angle L the; 


n Caſe the Fifth, 
6 p-:A 3 3 * Ie + 2842 'T 
' As 8 Far Ec L 8 * 
To Radius 5 
So Sine of | 3 
To Sine of“ auge. E. 3 42 we 


PROBLEM xx. Plate 6; 
. 1 


Siven che Sun's. Deut 20 12, his Azi- 
muth, at 6 12 I, to find the Latitude. A rad 


L 


ln the Triangle L 5 6, is given L 5 che De- 


clination, and L 6 the Azimuth at 6, to find' 


the wats at L. by Caſe the Fourth, Pa 


- 
a OY 
. * 8 
* * v * ths 7 
* - L 
5 
* 
g 4 
- 
. 1 
— 
EL 


8 1 
116 


As Radius Gon ibaff ef. 
an gent L 6 ans 1 01 
agent Com Nane of * 
To Sine Couple of L required. | 


Or in the 8 Trian le L Z 5, ispi= | (+ 
ven'L the Sun's Declination 20 1 and the 

Angle Z the Sun's Azimuth at 6, viz. 121, to 
find the Angle at L, the Complement of Lati- WW 8" 
tude required, which by the Rules” given I £2 


Chap 3; for Quadranral 'Trizngles, falls under I fn 
the following Pr * tit 
n 


To Tar: bf the Ads Z3—= 12, 1— 54758 by 
So Fang: Com. Dec. L 5 — 20 12 — 2043423 Wo? 
— | 


To Sine Com, Lat. 2 L 5 $4 39 — 9 verge Ti 


©. 
4 2618 ++ f} 1 
p 3 Fe 7 1 1 K. 
Plate G. PROBLEM 3 
Eg. 1. | 1 is 


Given the Sun” 8 eee code with 


Ris Altitude, taken due Eaſt or Welt, to find 

the Latitude. 1 
In the ae 10 5.6 6, 1 Eiben ch Decl. 
nation L 2, che en Altitude, 


when Eaſt or -#-y 25 T the Leg 5 6, to find 1 
the Angle Z, tlſe Complement of Larirade; 5 
aa * eie 

91 1 4 +a $1904 51:3 


ca IN ; N | DEE A 


As Sine of L i the eee 


To Radius; 3 

So Sine of Si, the Sun's Altit 
or Weſt, 

To the 14 D of, L the Fate 


% n . — ne 54 ys . 


2 T3 


K in che t die 125 . 2 
given Z 5, the Complement vf A a. a 
Eaſt or Weſt ; and L 5, the Declination, to 
find the * L, the ya * 120 
une, } TA 0 
2 Sine of nul 5 the Declinaion, | 
at n lt K FVI 
| Sine e.Complament of Z 5.(which is the 
e of 5 6 the Sun's Altitude,) 7 ; 

To the Sine Complement of L which i is the | 
Sine of Latitude) ſee. = 


ITO 


A 8 % 
3 ** = 


DT SS. 
VE y = 
x 2 MES 


N — 0 \ [ «<4 
* - - 9 y 1 7 * 
/ — 1 
= - 'F' g 
o — — - 4 . 
2 - - 4 
— = -  / 
— 
2 y 
> - 
— — 
— 
* 
3 
- 4 


A * 1 * 3 0 > a ? 
. Hütn 120 2001 10 neren 


5 x 
* *% G 1 © "ths 
* SS 4 7 1 1 9 . 


3 * * 1 * * 
L < G- 23 N it, % 2 
: — 8 7 

j * xt 7 1 . 7 C ? 


- # * OL 
% 
” * - 
; . $ i 7 , { 3 
| g eie SY * ; * 4 . 
. 1 . * 20 * 
2 9 n 
\ 4 


30 LY 


Afronomical PROBLE MS Wbeſe S. 
lien de ns | 805 e Phe 


4 4 a 
ILY 7117 101 
| : -s 
"4 ; ; 74 3 3 , #173 i> c 145 7 10 72 
I" 5 x . P ' 7 


" - 1.4%. of | X © . 7 » + 73-7 'FT Y t? 
11 eim * F 21. 7 Y EDT PRESS 52 


— * "4 © 29 a. 


. PRO BLEM 1. 
2 2. ne 


oli foal] 8. A4 * 
IVEN the Sun's Altitude Declin: io 
and uo to find the Hour 


Ds. hui 2 5 2 > $.70 18 
* * %. a» * : 1 APE 2 
o "© 7 7 21 4 4 191 1 . ; s 1 7 7 a 7 w.; P 51 * * Y * 1 1 i \ 1 1 4 


EXAMPLE. g 1 80 


Tbe Sun's Aldtade,- — 47 48 
5 Hour. 
ay) 


The Su ec. North 4012 
S at He ee „Bes 


Azi 3 

. Learner" better 4 to inſtance 
one Queſtion in each Cale, and to proje& each 
upon the Plain of ſich! reat Circle, that It 


oe NT General 


py + AA „ HA 


o @ oo @mia at a> es +» 


wh — 4,4 


3 


1 F. 


ul, 


be- 
jue 
for 
nce 
ich 
it 


ral 


blem upon the Plain of a an Az 


A : 8 , * 4 . = 2 * 5 N * 
. . . 3 a off . 11 * 
« * 8 1 * * —— 7 2 
5 * * . 7 ” 4 * 


1 * ** 
1 * f 


When 8 is given two Sides; 114 an 
Angle make a given Side upon the Primi- 
tive, and the gona Angle at the Primitive; 
but if two Angles and a Side make both the 
Angles at the Primitive, and let the given 
Side fall within, except it be the Side con- 
taind between the given Angles z but when 55 
only three Sides is given, as in Caſe 11, r 
pa Angles, as in Cafe 12, you may projet 

. the Plain of any of the three ircles, 

ſe Arches r che Triangle. ig." 


s + — 


— — „ v 


No 'T = You may in many 57 Caſes project the - 


| Triangle at the Center of Deere as in 


Prob. 7 and 12 ” 


It 1s n a BL to, pro projed this Pea 


uth, becauſe 
the Sun's Altitude (Which is an; Arch af an, A 


zimuth) is given,” and the Sun's:Azimuth i is an 


Angle adjacent to that given Side; therefore, 
5 CQ, and ſet the Sun's Altitude 47 48, up- 
on the Primitive from to O, and draw the 
Meridian of the Place z P, to make an Angle 
131 52 with the Primitive (equal to the Sun's 
Azimuth from the Nor 5 Fi he Complement 
of the Azimuth from the Sout ).b V. Preb. 2, 
Caſe 2; and becauſe he Sun is diſtant from 


the pole 69 48, equal to the Complement of 


Declination, draw the Parallel a 7 b, at the 
| | faid 


5 1 
ſaid Diſtance * the Sun, by Prob. 7. Salt 

and becauſe the Pole is ſomewhere in that 
Parallel, and al ſo in the Meridian of the Place, 
it muſt be where they croſs each other, as in 


an © PC, to cut the Bene + in the oppoſite 
Points © and C, and the Triangle is finiſhed ; 


he-Complement of Declination 69 48, and 


from Noon, by Caſe the Firſt. 


As Sine of © nnn 8 
To Sine of © ZP;—— 131 52 — — 9.87198 
| Sa Sine of OZ. - 


n 


This 32 12, 8 to Time, allowing 15 
Begrees to an Hour, and every Degree 4 Mi- 
RNutes, gives 2 Hours 9 Minutes, viz. 15 Mi- 

nutes after 9 in the Morning. or 9 Minutes 
n 2 in the Afternoon. 3 | 


> 


. ROBLEM I. 
Hg. . 


the Azimuth. 


a % 


P.; then through © and P, draw the Meridi- 


and in the Triangle Z P ©, there is given Z | 
©, the Complement of Altitude 42 12, and G 
t 


| the Angle O 2 p, the Azimuth from the | 
South, = Po the Angle Z P ©, the Hour 


42 12—— 9.82718 


To sine of 2 5 ©. - — — 32 12 —— 9.74673. 


Given the Liticulc of the Place, with the 
Sun's Altitude, and Hour of the Day, ta 550 


N 1 


—_- kJ L * 1 20 


Sup!s Altitude, — 
ee 2 10, 9 M. or 32 12 


This mu be 2 upon the Plain ar 


! Latitude North, n 12 


Fronon 


. oo 7 0 
N84 3d * 17 = | 


. 
{5 bf 
=—_= 
** 


2 
Y 


t. 48 


to a "al 


Azimt 


the leridian,. be he Latitude (an Arch 
of t Mesic) and the Hour (an Angl le ad- 


| urs”, is given; therefore, 1A 50.oT 
1 the Latitude 54 4 S0 ta P,. 
or * Jomplement from Z to p, draw P OS, 
to make the given Angle at P 32 12, by Prob. 
3, Caſe 2, and draw the given Parallel of Al-. 


titude 47 48 above the A4 by Prob. 7, 
Caſe 2, as b O. c; and where that cuts the 
Meridian P O 80 as in the Point © draw the 


| Azimuth Z © N, and the Triangle Z P '© is 


| fniſhed, in which. you have given, 


$24 521 8 * 
3 


The Colng, Tat, N „ Low cnn 
The Ange Alt. Z ©, 855 find the We 
6 e eee 2 170. Ave? firſt be ſuppoſed 


cond, of Obtique Spherical ASA which 


done, the ON I 4 


As Tan Comp. of 2 p ©, — — acc 


To Rac ius 5k — re 1. Oo 
80 Sine N of Z P, —_ 9.91158 
— 


To Tan: Com. of 5 2 6 . 62 49 . 079 


© Z f by Caſe the Sec. 5 


to be divided into two Right-angled Trian- 
gles, by the Directions given in Caſe the 8e 


— _ 


3 2 
Thea by Ooncludon the Bighth, |. 


15 Ting ent of O2, — 42.12 CO ar G. FOE 
To Sine Comp: P'Z e; — 62 48 — = = 9.6660t 
80 Tang. of E F, e 20 9.83055 


44 "SPY? FR 


To Sine Comp. O2 .— 69: 1 $5314 


To the Angle P 2 <662 48. Wee bat go 
en O 2.0 69. al <3: 91 0 


— 


The Sum is PZ O. 131.52 the N requi 


The Reaſon of this Conclufion, made uſe of 
in the laſt Operation of this Problem, and al. 
ſo of the reſt mentioned under Axiom the Se- 

cond, of Spherical Trigonometry, may be de. 
duced from theſe Con erations, viz, gs 


Suppoſe in the Triangle Z b ©, . 
mentioned, the Perpendicular Z e, which di- 
vides it into two denied Triangles, 
were given; and O, and Z P, which are 
no become Hi pothenuſes, to the two Right. 

Angle Triangles, were alſo given, to find the 

r Angles, Wan. the, F ont _ Fro 
n would be; 

OTE Tangeh: Complement 25 „ 00 

To Racus; = 62810 


. So Tangent Complement 2 p, 
To Sine Complement B Ze. T: F 
As Tan day wx tes 775 
11 *:T's — nk. 4 F £4 
— Tangent Complement 2 ©, . 


The 


Oat "IE Sine C5 al + -2- 


_ ww a ab ²˙ A ̃ ⁵ͥNr ae... : 


. ae. . 


5-05 | 


fion requ ire &:" 18 


Aſtronomy. | 123 | 


Phe two firſt Terms in both Proportions 


being the ſame, take them both away, and the 


reſt will retain the fame Proportion (Eucl. I. 5. 


| P · 1 FEY Vit. 


As Tangent Complement Z P, 
To Sine Complement P ZE; % 
So Tangent Complement Z O, 
Jo Sine Complement © Ze. 


And if the Tangent Complements are di- 


realy, the Tangents muſt be mutually, or re- | | 
ciprocally proportionable to the Sine Comple- 
wents of their reſpective Angles; and by this 


Way of Reckoni 8 find the Ground 
of all the reſt of the Concluſions, always ima- 
Fern k the Perpendicular, which is common to 
both Triangles, to be given; and the other 
Parts given, to be the ſame in both Friangles, 
whether the Hipothenuſe, or Angle, at the 
Baſe, , And by this you may form two 
Proportions, whoſe two firſt Terms will be 


the ſame, which being deſtroyed, the other 


retaining the ſame Proportion, is the Concluz 


PROBLEM itt 
Siren the Latitude of the Place, with the 


Sun's Altitude, and the Hour of the Day, rs 
find the Deilnnn 209171; a 


DD, oO, Lhd 


44 Ileum. 


Latitude North, 7 54 40. 
Sun's Altitude, — 47 48 
Hour from Noon, 32 12 


© P, by Caſe the See. 


Plate 6. ” Projected as Prob. he'T 
Hg. * 


Which Nen done, and the e 


Ze let fall by Solution the Ninth; the 1 


ration is, 


As Tang. Comp. Z P. — 35 20 10. 14948 
10. oo 
— 32 12 . 5747 


To Rad ius; 
So Sine Comp. Z P 65 


To Tangent P e. = 
Then by Concluſion the Sixth, 


As Sine Comp. 2 5. —— 35 20 Co ar . 
To Sine Comp. e p; 
So Sine Comp. © Z, —— 42 12 —— 9. 86979 

Ee 


Fo Sine Comp. © 3 38 51 — — 9.89140 


T0 P. 30 57 
Add De. — 38 51 


gum is © p, 69.48 the 8 of Pe- 


clination, which taken from 90, leaves 20 12, 


the Declination required. 


For 


= find the Declinat, 


30 57 9. nos 


30 57 — — 9.93329 


„ ct e cc, r _ > 


For other Methods of Solution, ſee Caſe the 
Third, of Oblique Spherical Triangles; - A 


PROBLEM IV.. Plate. 
F N 


Siren the Sun's Altitude, Azimuth, and 

Hour from Noon, to find the Declination. 

Altitude H O, . 47.48 8 
Azimuth © 2 P, 13152 Sto find the Dec. O P, 
Hour G P Z, — 32 12 by Caſe the Fourth, 


Proje tien upon the Plain of the Meridian p C 
Oz draw the Azimuth Z ON, to make with 
the Primitive the given Angle © Z P, 131:523 
draw the Parallel b Oc, diſtant from Z, equal 
to the Complement of Altitude 42 12; and 
where that cuts the Azimuth Z N, as in ©, 
is the Point the Sun is in; therefore through 
the Point ©, by Prob. 4, of Spherical Geome- 

try, draw the Meridian p O S, to make the 


| F #4 (1.8 + of > 4645 off 


No in the Triangle Z P ©, is given Z ©» 
che Complement of Altitude, O2 p the Azi- 
muth, and Z P O, the Hour to find O, the 
Complement of Declination, by Caſe the 
Fourth, of Oblique Spherical Triangles, 
where the Caſe is propoſed in the ſame Num- 
bers; and therefore I ſhall not make any Repe- 
| - Gs 


126 enn 


5 tition, but refer the Learner to fit Cale; 
the Complement of Declination is 69 50, l 
9 the Declination - 20 10. 


. 5 R 0 5 L E M v. 
Ps. „ | 


y Tos . Som 6 „Alete, dagen Ne 
Hour of the Day, to find me Ein. 


1. 478 8 5 


f e CE 6 Cake 


Hour, — 32 iz the Fifth. 

The Data and projection i is the fame, | as in 

Prob. 4; but by Solution the Ninth, the Per- 

5 8 falls . as in Plate 6, Fig. 43 
hen in the Right. angled Triangle, 2 D G. 

Right-angled at D, there is given the Hipo- 

thenuſe, Z ©, 42 12, and the 2 O x D, 


to find - 5 D. 


(the . of 7 2 ©: to 180 viz. 4 8, 


& 4 


As Tang. Comp. 2 ®, — = 42 Iz Sn 


To Radius; ' 16.00500 
$0 Sine Vp O 2 D, — - #6 8 9.82436 
6 q 3 3 —— 
Te Tang, 2 .— — 9. 9.78187 
31 1 3$ : ' 1 elt L it 
1 ; 1 #4 , > 49.4 7 ; 
| 1 . i E523 4 * 18 a # > , f 4 : 7 
„ 121058 bas © Chad 
302321 * 3; 


WW 


. 1 . 


2 
J 
t 


Ar 040 


oer 


Then by Condon 5 Seventh. 


IH 829 


T6 Sine 2 D,. e ea 
e © 2D, — —45. d 10.067 59 


From P D, 6% 333 C a ina TY 2 3 
| Take Z D, 3 31 11 Thr £ , Up Aging: < pk be . 
Reſts 5 z, 35 42 he Comhplbdidnk 6f Fat -titu 116 
| hence the Tavis — is 5+ 38. ih 

| nh 5 E. 3. 


| „Sen he 1 Sun's Anta, Azimuth,” and 
Four of the * to find the — ef Poſi- 


tion. 


e 


Altitude, ſet r 4138 9 


Azimuth, 131 52 Cto and the Angle of Poſition; 


wie. dn F 


% 


Hour, — 3232 Ur. che An. 2 © P,jby ( Ca. ſix. 


Proj --ficd as in Nb. 4 the Per pendicular 


falls e from O, as in Prob. 5. (See Plate 
6, Fig. 4). then in the Right. ang led Triangle 
2 D O, is e as. is Prob. 4, to compel the. 


q * * > » b 
3 re | 1 
1 . 'S 
* ? ; 7 14 Lt As 
; z + 95 1 ; 1 208 . 
f 1 * $ £ ; gt ” 1 4 
e£ 114 ; 1 — l — LE 11 * . > * \s & >. #3 fs £3 3 OA! A = 
7 a 


1 Ne a= reg beg 


n eee. 
As Tang. = © n 8 9.9 5240 
To Radius; | 10.00000 
So Sine Comp. © $5 12d 86970 


To Tang, Comp. Z © D. . 


5025. 9.91730 
Then b 7 Concluſion the Fifth. 


As Sine Comp. O2 D, — 48 8 Co ar 0.17561 
To Sine of Z OD; 50 25 — — 9.88688 
do Sioe Comp. fer 38 12 — — 9-92746 


To Sine of PO 1 7943 —— 9-98995 


From the whole Angle P O D, 7743 
Take the Angle 2 © D. — 5025 


Reft the Angle P O 2 mſgs: 27 18 the Angle 
of Poſition. - i; vo 45 a 

Plate 7. Þ ROBLEM vu. 

Fig. 1. | 1 


Siren the RY th Altitude <2 Azimuth, 
to find the Hour of the * 3 2 


Altitude of the Sun, 47 48 Sto fi. che II. _ the 


Latitude North... — 6440 Pak | 
Azimuth, D. * the Sev. b 


— * 52 


1 hall _ this upon the Plain of the 
Horizon, whole Fole or Center is the Ay” 


. 


— 
S060 „* „ 


aa WTwm- ans” 
the Point at which the given Angle falls; 
ES : - 5:6 „ 


bo 


"PC 22 then is » 5 the Meridian of the Place. 
Draw the Azimuth à 2 b, to make with the 
Meridian, the given Angle, 131 52, at z, by 
Prob. 3, Caſe 1, of 2 Geometry; then 
by Prob. 9, ſet off the Complement of Lati- 
tude, 35 20, from Z to P, and the Comple- 
ment of Altitude from Z to O, and through 
the Points P and O, draw the Meridian 4 P 
Oc, by Prob 5; and then you have fimſhed 
the Triangle Z P ©, in which there is giveſi 
F 2, 35 20, and Z O, 42 12, and the Angle 
PZ ©, 131 52, to find the Angle O 2, by 

Caſe the Seventh. I 


lere by Solution the Ninth, the Perpendi- 
cular falls without, either from © er P: 1 
| ſhall inſtance in the Former, and then in the 
Right-angled Triangle, Z e ©, there is given 
the Angle © ze (the Complement of O2 p, 
to 180) 48 8, and the Hipothenuſe ©; 2, 42 
12, to find Z ©, by Caſe the Firſt. : 


4 - 


As Tang. Comp. @ Z, —— — 42 12 10.042 51 
To Radius; 10. ooοοο 
So Sine Comp. © Ze — — 45 8 9.82438 


To Tang. . —— 05 9.78187 


1 r* 
© 

1 14 N . 
& + * * - 


—3; 


** A I GS 
; 8 * 
2 , a 
- 1 , a W MY 
* 4 * * 
_ x 
1 2 7 
* 4 


* 1 1 
wen by Conchition the Seen, : ads 


f the who! 
As Sine, of t A - 1 9 co ar 9.3750 


To * 4 r the Pres 48 8 —— 1004759 
So Sine of N : 
ens: LONG IL — 9: 11414 
I | — 


| 8 EY 12 —— . 79947 


p This 34 12, reduced to We. gives 2 Hour | 
9 Minutes, the Hour from Noon required, .. 


WS PROBLEM VIII. 
Fg. 1. 


Given the taste Altitude, and Azimuth, 
to find the Declination. 05 | 9 


Altitude, 47 48 >to find the Sun's Decl. 
Azimuth, — — 13152 by Cafe the Eighth, 


. Latitude North, 54 ho : | 


| Having 3 it, and let fall the pe 

Adieular, and found the Baſe Z e, as in Pro 

which is there found to be 31 11, Proceed by 
Concluſion the Sixth, thus; e 


As Sine Comp. 2˙— 3711 Co ar 0.9577) 
To Sine Com. Z O; 42 12 —= — 9.86970 
1 Sine Comp. e 31— — Wer ma | 


-=- 


richen, —_ the given Side is an Arch thereof,” 


7 


ment of Declinztion, 69 4% 


deed. from YO, e the Decli lina⸗ 


| „ T 2 % #+% wh "7 721 334% 3 
PROBLEM c. > e 
| Pig. ze 
Gf * Latitude, Azimuth, and Hour, 
to Rod the Decli mation. _- 2 i © 
Latitude | North, $4497 und ue 
Azimuth, 131 52 c to find the Sun's Dec. 
Hour. — —32˙¹ Sby Cale the Ninth. 


"ER 


Te ed, this upon the Plain of the Meri- 
Gan, auſe the given Angles are at the Me- 


——— - —— 2 dined 


co NC 1 Complement of Lt 
1 20, Fom Z to P, and draw 25 S * at 

oht- there to draw E | 
Prob. 37, Gale 2, of: ee See rp web 
P © S, to make the given Angle, 32 12, with 
the Primitive at P, and (by the fame) draw Z 
On, to make the given Angle, 131.52 with. 
the Primitive at Zz; and where they interſe& 
each ar as at ©, * the Triangle, 


P ©, 32 12, and O Z P, 181 525 e 6nd © P; 
the e of Declination. | 


bot; 2 Fi | 
ER 5 0c Here 


+; "= * 
2 - 
„ * 
. 3 
-. * 
* 


— 


Here the Perpendicular by Solution 9) muſt 
all upon the Side O2, continued, | which for 
uſtration I have annex'd to the Scheme; 
then in the Triangle Z e P, is given e z P, 48 
8, and 2 P, 35 20, to find 2 Pe, by Caſe the 
Third, of ght-angled ie Triangles. 


As Tan ng. Comp. P 2 e. 
To Radius: x!:ñ - == 1e 
So Sine Comp. ZÞP, — —— Lad 9.91158 


To Tang. Comp. 2 Pe. 


Then by Concluſion the Eightb. 


As Sine Comp. P ©; — 79 53 Co ar 0.75534 
To Tang. Pz —— 35 20 — — 9.85059 
Od. ene eee 9583616 


To Tang. p D. — 48 — — 0.4 43409 


r R ons 1 * 9 8 5 
Ex 3. 14 b | % | £ 


- Given the Latiende, 3 and Hout, ; 


"4 
4 


Latitude 


to find the "ey of Ns 


— 
* 


48 8 9.95240 


47 41 9. 95918 


"The: Complement of Declination beisg e 
43, the Decbpgrion _— js 20327 © | 


22 WW Ys VD ee 


Latitude North, — 5440 


Azimuth. — — 131 


| Prob. 9, till = n 19 Angle 2 P e. which | 


; 422 28 


Py j Then 7 Condi the ih. (O ti 
| As Vine f 2 Pp. „ — — 47 4 Co ar o. 1310 


So Sine Comp. 7 5 7 ©. —-79 53 . 


duired- ——— 1 
T 


03S 


4 ) od 4) 2380 

>to find: the Ang. of 

Hour. ei rende ne 3 
7203 If 


„eli in Projeic on, and n as in 


$ 


i947 3 . 1 4 0 — AEY ft dont 


72 «| G34 19 196 1 


— =.» & 
* 


0 
A AED Har v; 14H 15 119001. 12 212 


To Sine Comp. Pz e; — 48 8 — — 9.82438 


* 


re ce Comp. Þ © e. —27 19— — 9.94866 
This 27 19, is the 3 of Poſition | 9 


| F; : 
FR 1 1 ; &# * ly 7 * F 


P R O BLE M XI. . 

— AN 
N 11 I 

| Given the Sun's Altitude, ene 12 Y 


the Latitude of wedge to 4, the Hour of 


the Day.———— ——- 


Lattüde Norths 4 54 Gf ang od rt reg 
Declina. North, 20 12 >to find the Hour of the 


| Alitude. — 45. Day by Caſe the Elev. 4 
rok upon the Plain of the : Meridian,” 43 


©: . 55 rc 


3 ; E IEC 
T34 Aftronomy.. 


PC ſet the Complement of Lands 
a, Cs ſeth ID i 


angles meretb, draw E ©, to repreſent- 
quator; draw the Parallel of A d e, 


40 1 2, from the Equator, and the 
Altitude b ©, 47 48, above the Horigon (b 
Prob. 7, Var. 2, of Spherical 9— | 
where thoſe Parallels interſect each other, (as 


in ©) ie che Pointuhe Sun is in at that Time; 


then through O, draw the Meridian Þ O, 
und the Azmnuth 7: S and the 
ÞP © is finſhed, in which you have given, Z P, 
35 20, E O, 42 f:, and P ©, 69 49, to Find 


278 oy Caſe the Eleventh, the Operation 
Conefuſios the Twelfth, * 


Co ar | 
As Tang. 1 the Baſe p = — 34.54 0.15628 


= als F *, * — 
«SJ 7 * $ ; OH * * = 13 33 "4 1 * - 


To Tang. + Sum of the Sides 


z P, and Z ©; $38. 46 9.90475 


So Tan. 4 Diff. of the fame Sid. 3.26 8. 77811 
ie L Dig: Segm of the _ * 57 78 $3924 


dle Half Baſe p © — — 34154: 
Hr z Diff. Segments — — —y . | 


dum is the greater Baſe Oe, — 38.31 
2 Difference i is the leſſer ale . 30 N 


ben! in 1 W Triangle Pe 2. "Hh 


given P 15% R 207 t n- 
gle P, by e Fourth * knlizort 


'$ * — 


the . 


Parallel of 


Trien 2 2 


1 : „„ 


nnn * = : ns 


i as. 


» 


WE: 


2 Rc Mach K * — 
+ 4 N N * . 3 rr * n 
. : X 5 enn 3 EC N * 
. - 2 al 3 e . 
. Ws... F 0 > 6 IO" GA 4 2 
* * * 
. © 2 3 % . of ” 
0 £ * 
N ; . or” 2 
, ; ; 
- * = "= ” 3 1 . 1 
r 4 I 4 : — .. 
. 1 0 N * 
* ; 4 
p e 
* ; 
* 
” 9 
. i, 
- 


| n=" 1000900: 


As Radius, 


To Tang. Pp; + 30% 977798 
80 Tang. Comp. P Z, — 3521044 


To Sine Comp. 2 PZ — .. 9. 98737 


The Angle required, 32 14, converted into 


Times, gives two Hours 9 Minutes, the Ho yr 
from Noon. required. LN 1xA 


1 


But if the areatelV/ 3 Gaus he Aviowk) 


had been = ; then by Axiom the Third, 
and the Rule deduced there-from, ls 


2 P, — 3520 Fs 
28.— — 42.12 
D a, 


| Diff. - , 5 — — 3252 10 
| 1 522 


2 P, 35 20, Sine Co — 
2 ©, 42 12, Sine Co ar 


— — 0.7 28 
— — 9.98211 


2 Sum, 73 40, Sine 
If. 3 52, Sine 


hn aa. 0 Al. 4 — ” 
A 


n 19 22163 


Sine cane of 65 55 — . — gi 


6 F 6 nay 4 uy 
T4 a „ * : 


* 
ry * 


Doubledj ph. — 1 137 10 he Azimuth required.” 
PRO- 


— — 8.2888 


e 
Xe - #4 | 
es , J 
Wy 7 q 2 5 


1 ry - 2 * 7 * * , 
4 —— A. - a ng * ² OC . : 8 # 2 
* — , 4 Y ; ; 
N . - e 
late . P ROBEEM XII. 
710 : | ; # 

.— F % W 

, A P : * * * | * : i 8 * 2 ** ; 4 

7 69 L 4 a? 


Poficion, to find the Latitude. 

Azimuth, 131 52 . tog ne 
Hour. 32 12 to find the Latitude 

Angle of Pofitzon. 275 19 by Caſe the Eleven. 


4 


% 


# Ln 
* | 
4 


the Learner with the common Way of turn- 
ing the Angles into Sides ; but lay.it down 


in ee eee from what is given, 


ng that to be much more inſtructive to 


ſappo 


the Learner, and to give him a better Idea of 
what he is going about; and ſhall project it 


upon the Plain of the Horizon. 


Draw the Primitive Circle, and crofs it with 
the Diameter » &, to repreſent the Meridian; 
then is z the Zenith: Draw the Azimuth eg, 
to make the given Angle 131.52, at 2, by 
Prob. 3, Caſe 1, of Spherical Geometry; now 
becauſe the Angle at P is 32 12, and the An- 
gle at O is 27 19; alſo becauſe the Quantity 
of Angle is determined by the Diſtance of the 
Poles af thoſe Circtes, that contain the Angles 
(by Prob. 9, of Spherical Geometry) it is evi- 
dent, that the Pole of the Circle to be drawn, 
muſt be diſtant from the Pole of the Circle , 

zz EEE - equal 


In the Projeftion of this, 1 ſhall not trouble | 


— +» GAR AD wa aw Xn 


Apo 


Pony „ 
ple” at P, Vie, 32 12, and from 
Arcle 2 g, equal to the Angle 
1 2791 ; therefore draw the pee 
el jane rm zw, the Pole of „ Ps, 

155 equal to the Angle at Y (by Prob 7,” Caſe 
5) and (by the ſame) draw the Parallel K u, 
diſtant from , 27 19, the Angle at ©, and 
where theſe Parallels cut each other, as in o, 
is the Pole of the Circle to be drawn; then 
through o, and the Center z; draw the Line or 
_ Cirele a „ z b, upon which (by Prob: 9, of 
Spherical Geometry) ſet off 90 Degrees from*s 
to » (becauſe every Circle is 90 Degrees diſtant 
from its Pole, and through „draw the Ob- 
lique Circle cr F2 to cut the Primitive in the 
oppoſite Points c and d, it will cut u 25 in Þ, 
16 Og in O, and then is the Triangle 2 
O finiſhed, and the Side Z P meaſured 07 
Prob. 8. Enſe a, "ie" 3520, the Complement 

Latitude required. g a an 


Pq 2 2 «3 8 
9 —— —— — © : 2 aN 


VL 14 —— : Ko ® 


| RESO An 
1 Dore 0 the 


to project upon the Plain of the Me- 
ridian; 1 fall alſo give chat Variety Plate 7 
from the Rules and een before -P Fig. 5. 
; e | 
— 254 — — — — — 1 bnism 1 
2? E 2 draw z © », to make the given An- 
I gle 131 52, at Z, With the Primitive, and find 
its Pole e, at 27 19, from which, equal to the 
Angle at ©, draw the Parallel cu, by Prob. 
7, Caſe 3; and at 32 12, from the Pole of the 
Primitive (a) draw the Parallel 5 c ; and 
| where the Parallels cut. each other, as in (or 
CY 


But becauſe it is more common for Learner s 


138 
2 Triangl 8 to * projected in the 


wer Part of t Scheme) is the ale of the 
cle to e t 90 Fisker, From: . 


8 dra e.P rd. to cut;.the 
2 . e Foints and. d, ang 
Fes a1 1 


[Sth . 5115 FT bas * ( H 


"Phe ene is 8 ſame in 106 — 
Fo wit. Take the Complement - of the 
eateſt Angle to 180, add that and the two 
Ef —.— together, and ſrom the half Sum, 
ract the Angle oppoſite to * Side cequi - 


01 and proceed as in Prob. m RES 8 

F 
The greateſt Angle, 2 — — e 151 TY 
ts Complement, F 8 


Angle 2 O, — 2 32 1 
Angle 2 1 — ——— — 27 19 


ee e e eee ee 0 du oeetrer— 


um, eee — 407 597 N 
Half Sum, — — — — — — 53 495 


| Wen aide n min 55 


l norin 251 „am o DN * + 0 » a 
7 pa N — N | a 
#7452 IZ 02 1 1 150 11 55 ern 12 
eee e men e vt ts 4b) 
4 8 111 » , 1 
2 
'1 N { Ta rk "1 7 * — 4 — 


N * . 
Cy FY * © = £ ” FS "7 K 1 * A 1 9 * G 

AT. * 1 4 5 © 3 4 . . ” ** 7 * 9 * . 
a — 7 1 1 r « / * n | . 
1 = Ps p * 2 c * 9 4 « - 7 * . | * \ * * d y * 
A 8 i A of 1. Jax N 2 

* 
24 


A 


. OO" 0 — of * 1 


Declination North + — 1 30. 


| Amon. 14 


2 5 O, C0 ar — — l 8 


Half Sum, 33 491 — — — — — 9.90699 
Remainder, WG dhe AAU OL GIG. EIS. 


ot. FOES: B67 TON oft 0 WHIM 19. 9580 
Sine Comp. 17.40 — — — — — 9.97901 

Doubled, is 35 20, che — or Side 2 
Oey 


Thus _ for the bs ef Oblique : 
Spherical Triangles in Queſtions of Aſtrono- 

my: 1 ſhall inſtance in one Queſtion wore. 
viz, In 'a Quadrantal Triangle; and then fup- 
poſe heed will be Variety ſufficient (with 405 
Application) for the Learner's tur: | 


in this Fart of Practical Aﬀtonomy.. 


$ : : * : 5 "2 
; E #0 __ £ s WA 374 - 


PROBLEM xl. 


* 
1 92 


F . 
* * * 
» OY? © 


* - 
2 HO La 0: 1 


. 


"The e Dethinckin, Rhee 3 | different 
Latiaddes under the ſame Meridian, si ven co 
find what Hour of the Day the Sun's Alti 
tude is equal in both Latitudes, and what is 
ths 9 N chat Time. of b 


51 Wee l oc „ 


8 e! * 
50 ©0700 © [cps 
The boy Lat North, 45 0 to find a8 above. 


i $ 1 r Ha 
ky. -.# £0 7 
* 


K 


2 an LAOS 
To Aﬀrronany; 
EAQOIESETLOMz> 
S ue e OA. > Hthe 7 
with the Lines P. & and E ©; et 
the given Latitudes from P to 50, and from P 
to o, and draw H 50, for the Horizon, to 
Latitude 50, and H.70, for the Horizon, to 
Latitude 70 (becauſe the two Places have dif- 
ferent Horizons) draw r o m, equally diſtant 
from each Horizon, and draw the Parallel of 
Declination : Ou, diſtant from P 69 48, equal 
to the Complement of Declination: Now it is 
evident, The Sun is ſome where in the Line r 
o, becauſe it is equally diſtant from both the 
Horizons, and it is in the Parallel t, becauſe 
that is the Parallel of the given Declination; 
therefore it muſt be at the Interſection at the 
Point O: Then from 50, ſer go Degrees of the 


Chords both Ways, to z and N, you have the 


Zenith and Nadir to the Horizon, H 50 ; ſet 


A 9o of the Chords alſo both Ways, from 70 to 
e and h, which will find the Zenith and Nadir 


for Latitude 950 00; draw the two great Eir- 
cles 2 ON, and Ob, they are Azimuths, to 
each Horizon, the Arches C ©, and z O (be- 
ing equal) is the Complement of the equal 
Altitudes in both Latitudes, and the Angle 


P o the Hour when the Sun's Altitude is 


equal in both the above-mentioned Latitudes. . 


1 
os 28 1 


Now in order te- Calculation, there is- given 
in the Quadrantal Triangle © P O (beſides the 
Quadrantal Side p O) the Side P O, the Com- 

plement of Declination, 66 30, and the Angle 
=_ 5 080 


1% 


Aft ronamy. 3a --. 
'© 0 p, 30 o (being the PEI of the | 
Middle between the two Latitudes (which 
here is 60) to a Right- angle) to find the An- 

e OO, the Hour after 6 in 1 e : 
or- before 6 —— | | 


t 1165 Og 
as 8 | — 10 ee | 
To Tang. CT Tre ER. 30 0 9.76144 
9 80 Teog Saupe © 1 een 66, 30 9. 63830 
p To Sine N . 14 32. 6. 30514 
1 Which entered into Time, ives 58 Mi- 5 
„ autes, viz. 58 Minutes i 6 in' the Mornings 
l or 2 Minutes Paſi 5 in the Afternoon. —" 
F Tben in the Triangle: 6 P ©, whete 5 is aides 
5 Wc» © (the Complement of © Po) 75 28, and 
© WW the Side P 20 o, and P © 66 30, to find © 
© ©, by Caſe the Eighth; of Oblique Spherical 
© WB Triangles, the Per — (by Solution the 
© Ninth) falling 2 viz. From * ypen the 
N Side © P, to the Point 1. 


As Tang. Comp. „ 00 43893 
0 To Radius; — —— 1.00000 
So Sine Comp. C Pn, 


75: 28 9-39957 : 


To Tang. 7 .— — 513 9-96064 5 


x 1 8 A wa 


To Side 8 1 — 0 hct 


The Complement of which, 26 58, is the 
Attirude required, and the Hour before found 
(2 Minates paſt 5.) when the Altitude and 
Hour! is the ſame in the two given Latitudes. 


I need not repeat the Operation for the Tri- 
angle Z P O, becauſe it is evident by Conſtru- 
Aion, That Z © is equal to c O; neverthe- 
leſs, for the more certain Proof of the Truth 
hereof, I ſhall invert the Queſtion, and take 
the Altitude (now found) 26 58, the Declina- 
tion 23 30, and the two given Latitudes 5 
and 70, ſeverally, to find the Hour by Caſc 
12, of oblique Spherical een! and firſt, 
For Latitude 56. | 

40 4 0.19193 Ty, 
E er 
63 2 9. 2 
* 8 Sri | _ N 1 3 0 C 
16932 9.56853 


——— — —_ 


84 46 1 19. E Sum. | 
63 2 9. 89812 Half Sum: Sine Comp. 37 44 
| | 37 44 


Doubled, 75 28 


21 44 


Whoſe 


. „ „ „ wc wok 


muth, of Latitude 60 


9 n 8 a * * _—_ * A ** 
: * r i . M1 
. 1 . N N ; Sd Go 1 
8 ” ” F 
E 
- h 
* £ 
15 A : 
jp - 
| 3 ; 


oc Whoſe ment 4-32.10 A Hon 
een mere g mo ons ] oT 


02 > 2 8. 989 OO 55 ba © EIT noinenilzyd . =D 95 2 3 0% 


AE Then for Latitude 70. 
$7002.02 þt : „Hen f0 9915 OL 
20 0 O. 46594 


66 30 K 03750 522 $3vVN03 ee i in 
f . ro Af 
63 2 9.95446" molt. - d ni d flog enn Mr 


— ů˙ ˙» 125 nao ma : cli ai + Rag 
Aeg zs 32g 113.61 97 5 4 
—— — odr: Moot dz f 09 
74.46 1'9:7 9626: 1 WIT 1 
63 2 9. OY. Half Sum 1 37 44 
37 +3 


NOT 
finding 
in the Prime Ver 


hen the Sun is 
% alt or Weſt Az1- 
middle Latitude be- 
tween 50 and 50) for then is the Altitude e- 
qual in Places under the ſame Meridian, and 
1 remote; therefore you have, as in 
ob. 11 Aſtronomy Right-angled, the La- 
det Place, and the Sun's Declination 


N c e Tay Le folved by 


given, to find what Hour and Minute the Sun 


will be due Eaſt or Weſt by the following 1 


Proportion. 


As 


244 Aſtranqmy· 


As Radius. —. —½ 10.000 
To Tang. Comp. Lat. 60 0 976144 
80 Tang. Declination, ä 23 30 9.63 830 


To Sine of the Hour. 14 32 9.39974 
This 14 32, converted into Time, gives 38 
Minutes paſt 6 in the Morning, or 2 Minutes 
paſt 5 in the Afternoon, agreeing exactly with 
the Operation in Page 141 ; only I thought ſit 
to inſert the former Method, becauſe its Solu- 
tion depends upon a Quadrantal Triangle. 


& *” 4 — was. WW --- 


| OI 


| Of the ANALEMMA. © 


e Ee. Lf 5 
of the Orthographick Projedtion of the 
Sphere, by ſome calld the ANA-. 


= =—ARTHOGRAPHICxK Projection of 
the Sphere, ſuppoſeth the Eye per- 
9 3 to the Plain of that great 
ircle, upon which it is projected, 
8 and at an infinite Diſtance from it, 
and is moſt commonly, and indeed, moſt in- 
telligibly, perform'd upon the Plain of the Sol- 
ſticial Colure, viz. the Meridian that interſectss 
C08 H the. 


* 
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the Ecliptick, in the Tropicks of Cancer os 
N For the projecting and meaſuring 
e Parts of the gendem, chere ir only Sines 
af Chobhds gequized g the Pri r 
meaſut'd b ele the ele © be by 
the Sines, and the Parallels being eld reduc 
to the Primitive, are alſo meaſured — it by 
the Chords. 5 40h a 
I have mftance ick Pro- 
jection obs the 8 e 54 40, 
North, Sun's preſent — 4 20 12, North 
his greateſt Deelina tion ſuppos d to Abe 23 . 
Extend your Compaſſes té 6. of the Ch 
and with one Foot in the Center a, 7h 
| ſcribe the Circle Z H N. O, * | 
Plate 9. ' draw . N, the prime Vertical, and | 
Fig. 1, H O, the Horizon; then ſet 54 40 4 
b the given Latitude) from O to P, and 2 
* 2 to A, ànd from H.to & and from N to Il *? 
and draw P S the Axis of the World, ; 
rd the Equator; then becauſe the 285 : 
greateſt Declination is 23 30, take 23 390 | 
| the Chords, and fer from A td E, and pol the 
© toC, and draw E C to repreſent the. Eclip- | 
tick: Set off the Chord of 20 12 the Sun's 80 
preſent Declination, from A to b, and from 
, and draw the Line be, which is the Pa- | © 
ralſel of Detlmation for 20 d. 12 m. 103 8 I 


| ae. N 4 
i is -55 gh of Altitude. wut hk { 
& "Mi, 1 L $ * 1 : . 
£ : ; : — — — 2 
{ ne 

4 , | | 
- FBAINY 1525 5 73614 , nnn | a 
e ede 0 nil eilt nde bows \ Arches 'f 


4 1 54 4 * ; | ſo 
* 4 ; 1 9 1 = 9 , 4 * 
27 l ii id + { ha Ar Ho 23 | ON 
2 * 


_ 


— 3 6 ww 


—— ans, acts HR. LEE as. Tc. 


— 


Arches of the « ny ve, meaſyrd pop the 
Chords. ara tg; 


0'p is the Latitude 54 495 | | 1 
5 5 the Complement of Latitude 35 20, 1 
EE the Sun's greateſt Decl ination 23 30%ʃ„„ 


Ab the preſent Declination 20 12, 


K 0 the Sun 8 Altitude at 6 a- clock 16 21. 


Arches of right Circles meaſur'd on the ines, 4 I 3 


ae the Sun's preſetit Declination 20 12, 13 

« the Sun's Amplitude 36 40, from the Lat, | 

« © the Sun's Longitude 60.09, - 

a d the Sun's Altitude when Eaft or Weſt 25 * | 

a i the Sun's Altitude when, in the Point ©, 
47 48, | SS ; 

an (being * to e ol is 16 21 ** Sun's Al; 
titude at 6 . 


0 F 1. 


| Arches of leer Circles to ug, Nabe to 
the Primitive, and meaſur'd by the Chords. [1 


80 the Sun's Azimuth from 


the South, | x 1 

© 3 the Sun's Azimuth from ‚ N the Point 0. . 
abe Eaſt, 
d the Hour from 6 that the Sun 1 dup Eat 
14 3. - 

ne the Sun' s Azimuth from the Eaſt or weſt ar * 


OS 
e f the Aſcepſional Difference „ 


© « e the right Aſcenſion 57 48. 3 
8 H a . Befr. te 


148 The Analemma. 
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Before I proceed to any Aſtronomical Pro- 
blems, it will firſt be neceſſary that the Learn- 
er underſtand how to reduce a leſſer, or Pa. 
rallel Circle to the Primitive, ſo as any Part 


of the Parallel may be meaſur'd upon the 
Chords. „ : 


n Take half the Parallel in your Compaſ. 
- ſes, and ſet off from the Center of the Primi- 


tive upon any right Circle, where there is moſt 


Room, or Conveniency; and where the other 


| Foot of the Compaſſes fall, make a Mark. 


2. Take in the Compaſſes, the Part of the 


Parallel to be meaſur'd ; and with one Foot in 


the aforeſaid Mark, turn the other Foot about, 


and make an occult Arch. | 3 5 


3. Lay a Ruler from the Center of the Pri- 
miti ve, ſo as juſt to touch the Extremity of 


the ſaid Arch, and obſerve where the Ruler 


cuts the Primitive, making a Mark. 


4. Extend your Compaſſes from the Mak 


upon the Primitive, to the Point where the 
right Circle, by which the Work was done, 
cuts the Primitive; that Extent meaſur'd on 
the (hords, gives the Quantity of the Arch of 
the Parallel requir'd. . 


* # 1 
7 4 F F 
1 F * 
1 1 
AAM. 
_ * 1 t 


u 
R 


tl 


EXAMPLE. 


4 1 would MPO the Parallel kl, to Plate 9. 
che Primitive, in order to meaſure” N. ig. 2. 
the Arch i l, of the ſaid Parallel. | 

Take the Extent / Kin your S and 
ſet it from à to c, upon the right Circle d a , 
then take iin your Compa 85 and with one 
. Foot in c, deſcribe the Arch g; a Ruler laid 
4 ſrom a, to touch the Exeremity of the Arch g, 
will cut the Primitive in e, and the Arch de 
ä meaſur'd on the Charts gives the Quantity of 
Bf the Arch i /requir'd. 13 


„%% „ 
* * = 


2 | NOTE, To ſet off any Number of Diane 
upon a Parallel, or lefler Circle, is only the 
4 Reverſe of this el It” | 


It is . to ſet 40 bree from r 11 
: i the Parallel t: 


Take 40 ofthis chöche and ſet from 4 to}; 
and draw the Line a 53 ſet t from a to x, then 


with one Foot of your Compaſſes in x,” take 
„te neareſt Diſtance to the Line à , and with 
1 that Extend, and one Foot in , the other will 
f reach to n, and 1 1s 4⁰ e in that 
Parallel. 7 hy 


IJ IL & 


HD Me Analenma. | 
RX? Fo (AL. 


| Pr teat in Aftronomy. ſolved by the 05. 


* Projection. at 


Plate 9. PROB L E M 1. 
Fg. 44 $24 


The Sun" $ 4 60 0 u. Sun's 
Gives SE Decay. 23 ELIE Dec. 


1 all- in 1 A l the ge eb of 
Serge project it for the Latitude 54 
40, that the {ame Scheme may ſerve in other 
Caſeg w here the Latitude is given or requir d. 

Having drawn the Axis of the World, the 
Prime Vertical, the Equator, Ecliptick and 
Horizon, as be fore directed; ſet the Sine of 
60 00, the given Longitude from a to ©, and 
from © take the neareſt Diſtance to the 'Equi- 
noctial Z 0, at which Diſtance draw the Pa- 
rallel of Declination b c, it cuts the Primitive 
in b and e, the Arch A b, or Qc meaſur'd on 
the Chords, or à e. meaſur'd on ts lass __ 
20 14 the Neige rd. 97: 400.11; 


Plate g. PROBLEM il. 
Fig, 1. 


Sun's . 60 © Rea Tn 
Given Lese Declin. 23 . 


In che Scheme as projected before the Arch 
O or the Parallel of Declination b c, reduced 
to 


2 . 2 


as we wh = ee .- 


Yo 


44 cke dicht eee „ 
N 57 E Ie 118 all TY. 50 1 1 0 ty an 


Arch of the a Om” CATH the 
neareſt EquinoCtial Point, and the Point where 
2 Meridian drawn through 280 8 cuts the Equa- 
tor; but in this Proje he Meridians be- 
tween the Primitive : r its Center, not being 
Circles, or Parts of Circles, are not to be at. 
tam'd But by App oximrion, ' vir. by finding 
ſeveral Points thr gh which they are to be 
drawn, which takes up a great deal of Time, 
and renders the Work very troubleſome and 
this Way of Reckoning the right Aſcenſion 

upon the Parallel being exact, and much more 


| eaſy, I have rather made Choice of it the ſame 
Way, being n e 977 Cafes. . 


20 


— 


15 ö 73 = 


"PRO B' L E 1 ul. ae 9. 
85 Fg. 1. 


Given 4: greateſt Dee, 23 300 to find Lon. 


OT Dec. n JK right Aſc Ra 


e dB IE Horizon, E- 
quytor, Prime Vertical, cc. as before tau i 2 


and ſet 23 30 the greateſt Declination from 


to E, and from Q to C, and draw E C the E- 
cliptick ; ſet the preſent Neclination 20 12 


tram . to C, d from Q. 8, and draw the 
Parallel of Declination h and where that cuts 


the : Ecliptick, as in ©, is the Point the Sun is 
Ar * | H4 8 : TT) | 


The Mp as. _ 
to..the Primitive, as. e e 8J7 87 37 


* The Analemma. 
in, and the Arch of the Ecliptick à O, mea ſu- 
red on the Sines, is go Degrees the Longitude 


of the Sun re uired, and the ak e © 7 48, 
18 the right Kendo. N | q | 


. 1 


Plate * P R 0 B L 2 M rv. g 
Big: 1 e Of , 


Prom the Scheme . r to 5 the 
| Wire en given in the Beginning hereof, for 
Latitude 54 el and Sun 8 Declination 20 124 
to find, 


1. The aſcenſional Difference. 
2. The Sun's Amplitude. 
What Hour and Minute the Sun will be 
ak Eaſt or Weſt. 
4. Sun's Altitude at 6. 
5. Sun's Altitude when Eaſt or Wel. | 
6. Sun' 8 Azimuth at 6. 


e 2 © ws © wo - 


#a was © 


8 The Arch Oe of the Parallel be, meaſu - 
red the fore-going Rules, is 57 48 the eaſy: | 
onal Difference; the Uſe of which, for finding 
the 'Time of Sun's rifing and ſetting, and the 
| Length of the Day or Night. dee Prob: 8. 
and 9. of Aſtronomy. 1 15 


1 ab - ns 


—# T3 


2. The Arch 4 of the H6rizon rd 
on the Sines, is 36 40 the _ 0 Eien 
from the Eaſt or Welt. wire 8 | 


; 5 3 «+ > 
in * 9 : +? 
9181 0 1883 2 £ Wd K* os 


ft 8 Mi | 3. The 


n h * 
* SP 88 WU D . a 
- _ 6 K , 
> OW, „ "SIP SET N * 
pes he IF FS : 


The | , * a” N CF | 1 5 8 : 
1 * 4 : 4 : ; 4 * 

o p | * 7 f 
1 1 AA (111118 > * 1 53 


ce | 3. The Arch de of the Parallel b e, is 15 7, 
3, which reduced to Time, gives one Hour after 
' 6 in the Morning, or one Hour before 6 in the 
Evening, viz. 7 in the Morning, or 5 in the 
Afternoon. I 


4. For the Sun's Altitude at 6, it ſhould be 

repreſented by e q, which is the Arch of an A- 
R ꝛimuth; but there being great Difficulty, both 
; in projecting and meaſuring the Azimuths in 
. this Projection, and the Arch 2 à of the prime 

Vertical being equal to e 4, (becauſe between 
the ſame Parallels, and cutting them at right 

Angles,) u a, meaſur'd on the Sines, is 16 21 

the Sun's Altitude at 6 required. 


J. The Sun's Altitude when Eaſt or Weſt, 
is repreſented by a d, which meaſur'd on the 


Sines, is 25 Degrees 3 Minutes. 


6. The Arch e of the Parallel of Altitude 
, is 12 Degrees 1 Minute the Sun's Azimuth 
at 6, reckoned from the Eaſt or Weſt Norther- 
ly, and its Complement e k, is the Azimuth 
c +1. 26a wo fi 400; 


» 4 


9 
744 


— 
* 
** 
> 
- 


% 2 
7 ; _ #4 4 1 1 a 74 F I 9 ; | = 4 1} 1 . #, To T Fs - . 5 
* «3 4 5 474 * : 
1 PRORLEM..Y..:.: ; Plate 9. 
* I 8 ; | * , I * n . Ks tf. / ' * 
1 8 e 
. 2 ” * 1 . 4 1 4 &þ $ 1 F 0 £ 


Ss Fab £3 0 AS, 


If at Sea you cannot have an Obſervation for 
the Latitude at Noon, but by the Benefit of a 
clear Evening, having the Declination given 
1 7 „„ Fou, 


335% The Analenmid. 
| you can find the Amplitude; and by the Help 


of that, and the given Beclinatzon, you defire 
to know your Latitude. 


Boppoſe we Kcmplitade ut Sun's Gting 5 
40 from the Weſt Northerly, and the Dech 
Hon 20 12 North to find the Late + 


" With the Chord of 66; Sa the priaiftive | 
Once, and croſs it at tight Angles, with Z W 
the 3 Vertical, and H O the Horizon; ſet 
the Sine of 36 40 the given Amplitude from « 
to f, then take in you Cotmpaſies the Sine of 
the Declination 20 12, and with one Foot in}, 
Tweep the ſmall Arch v; then through t 
var a, and by the Extremity of the Arch /, 
draw 2 a 2, which repreſents the Equator ; 
and at, right Angles thereto, draw P Ez then 
the Arch 5 © meaſur'd on the rr. is 54 4 
the n,. n b 87778 


17 — 10 
9 . - F # 


193 5 ro Ll: . 
Big. 1 wy F oo 1 3 ws 5 * 


Or if you cannot get 8 Sun's Altitude at 
Noon, but have an Opportunity to obtain the 
Sun's Altitude at 6, either Morning or Even- 
ing, which poſe to be 16 41, and the De- | 
SENG 20 12 North, to find the Latitude. 


Having drawn the primitive Cirele, and 
crols d it irn the Diameters, Z N the prime 
Vertical, and H O the Horizon; ſer the Chord 


of 


{ 
E 
] 
f 


of 16 21 the given Altitude Nom H to , and 


by the Exteemity 


Lath 


- * * * "= 3 * * * 
* a 
* 1 1 * 9 EE * N 4 
0 5 * 
7 * 
ph * 
* 1 1 
; 5 5 
* * * 


from O to &, and draw the Parallel of Altitude 
{ k; then take in jour Compaſſes the Sine of 
the given Declination 20 12, and with ane 

Foot in a, with the other croſs the Parallel / K, 
in e, through r, and the Center a, dram the 
Line Pe 4,53 che Arch % O meaſur d e 


| Chords 1 15 510 40 abe tend TFgquired. gar: 


a * 


5B A 12 0 


PROBLEM yn. Plate 9. 
woll AK K. 3 


/ Given elde Dectniigens* 2012 Notth, 


a his Altitude when Eaſt or Welt 2 5 to 
ind the Lititode. Du ot fo Bro on 


wo 1 207 TO 0 » W 555 bus A 01 0 mon bng 


Draw the Pfimitive; and rot it as befbte; 

Ft the Sine of the Sun's Alritalle when aſt or 

Weſt, viz. ' the Sine ef 25 3 From à to 4; then 

with the Sine of 20 oo FA Decligation, and 

one Foot in ay © n l re 45 the 
| 


at A. * Auron h 
the Point” aug wiiths ae Declingtien 
54, and Fs 21 * Fog rough the Point à, 


draw the TquinoCtial 2 nd at right An- 
gles to it Ne n de Work" 
O meaſur'd 306 the 'Chords Lies, 54 4 the 

tude. bd =tY, A 201% .% p' 18 0. 1 


2 4 * 
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Plate g. PROBLEM 

Fig. 1. . Bit 2 Ort x 1788 
- You may alſo from this Projection ſolve thoſe 
Problems that depend upon Oblique Spherical 
Triangles; as ſuppoſe there ies 


| Sun's Altitude, 47 48 e 
Given 2 Declin. North, 2015 e find the La- 
Ani. from Eaſt, 41 52 Itit. and Hour. 


Draw the Primitive, and croſs it with the 
Prime Vertical and Horizon, as before, and ſet 
the Chord of the Altitude 47 48 from H to g, 
and from O to 5, and draw g h for the Paral- 
Jel of Altitude; then by the Directions given 
for meaſuring and ſetting of Degrees upon 2 
Parallel, ſet 41 52 the given Azimuth from i to 
O, and with the Sine af the given Declination, 
and one Foot in O, make the ſmall Arch x, 
ahrough the Extremity of which, land) the 
Center a, draw LE, 4 Vibe Equjnofkia}; (be- 
cauſe. the Sur 's Declinatioh ie, his: nchreft Di- 
 Nance'from, the Equipottidl] and parallel there- 
| to, through the. oint O, draw the Parallel of 
Declination h ee, alſo at right Angles with the 
Equinoctial, draw the Axis P a S; the Arch 7 
O is the Latitude ſought, and the Arch Oe of 
the Parallel b is 57 48 the Hour from 6, 
which allowing 15 Degrees to an Hour, and 
one Degree to 4 Minutes, gives 3 Hours 51 
Minutes after 6 in the Morning, or before 6 = 
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the Evening, viz. 51 Minutes paſt 9 in the 


Morning, or nine inutes . two. in the 
A, 


0 Wi . 
% 1 * - i& ._ ww Ca & 89 o & ry 7 % i 
© * " 


" ig. oY 
@'s Altitude — 4 | 'to find the | 
Given > &'s Declin. North, 20 12 > Azimuth 
* Latitude North. — 54 4 and Hour. 


8 py primitive Dy 2 it with the 


| Horizon H O, and the prime Vertical Z N; ſet 
the Latitude Ae 0 r P; and draw f. &, 


and at right 45 thereto draw the Equino- 


ctial ; ſet the Chord of Declination 20 
12 from Q toc, and from Z to b, and draw 


the Parallel of Declination b c; likewiſe ſet the 


Altitude 47 48 from H to g, and from O to , 
And draw the Parallel of Altitude g /; and 
where that cuts the Parallel of — as 
in the Point ©, is the Place the Sun is in; and 
© 541 52, 18 the Sun's Azimuth from the Eaſt 


or Well; and @'e"57 48 the Hour, 45 in 


f Prob. 8. b 54} + : 
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1m 148 have raflunced” in more | Problems! of 


who Rind, but I think what 1 have al ready 


done is ſufficient to inſtruct the Learner in 
the Nature and Ole of this TIN 8 
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— HE Projection. & __ plain Dial, 
lis no more but the Projectien of 
the Sphere, upon the Plain of that 
| great Cirele, to Which the Dial is 
Parallel, * Metidiens at every 15 
Boa meaDibdnct repreſenting, the Naur Eines, 
and the is of: the World (texminating at the 
two Poles) repreſenting the Stile; as the fol- 
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Ken, to vj a Hoon DIAL: 


NEG, 54 ( ni £17. £ * 


A* PG BS Dial, i is 1 Abel. e it 
is parallel to the Horizon, and therefore 
is projected upon the Plain thereol, to the La- 


titude 1 


7, 411 
27 as 1] 


* is choujred to 1 an e ag 
for the 3 of London, 51 Degrees 32 
An c | 


Firſt, 5 2 primitive Circle N 15 9 E, 
to repreſent the Horizon, and croſs it at Right- 
angles, with the Lines N S, and , E, then 
the Center Ziis the Zenith of the Place (be- 
cauſe it is the Pole of the Horizon) and 5 
Points N, S, E, , are the North, Sout 
| = and Weſt Points of the Erqjection. . ob 


"Chon hands. ahe Pole. of che World i is S. 
int from the Zenith 389. 28, (equal 9s 


5 Complement of Latitude) ſet of FOI? 
the Right Circle S N. by, Prob. 9. N to 
;ʒũ then is P the Pole: Alſo becauſe the 

tor is diſtant from the Zenith 310 32“, the ot 
* | .. 1 


». 


titude given, ſet off 519 32' from > to 2 by 
Prob. 9. of Spherical Geometry; and draw 
the Oblique Circle Q E, to repreſent the 
Equator ; then from Q to a, ſet off 15 Degrees 
each Way upon the Equator, by Prob. 9. and 

from Q to b, 30 Degrees each Way, and from 
Q to e, 45 Degrees, and to 4, 60 Be rees, and 
to e, 75, as in the Figure; then through P, 
and the ſeveral Points a be, &c. draw the Me- 
ridians 1 PA 1, and 2 Pb 2, exc. by Prob. 5; 
which done, draw Lines from the Center Z, 
to the Points 1, 2, 3, Cc. theſe are the Hour 
Lines required, EIT SAL 


Then for the Stile's Height, meaſure the 
„Arch P N, of the Right Circle S M by Prob. 
8. the Quantity of that Arch is the Height 
““ 


NOTE If you draw your Projection up- 
on the ſame Plain (whether Wood, Stone, ec.) 
that you intend to make your Dial upon, ttis 
beſt to do it rey; that when you have 
"found the Hours Diſtances upon the Peri- 
phery, the other Circles,” ec. may be done 
out at Pleaſure, and the Stile may be laid 
down, by ſeting 519 32 of the Chords from 
N to B,; then draw the Line z R, and R N; 
but you may make the Lines z R, and Z N, 
| longer, or homer at Pleaſure; only the An- 


- 
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gle at 2 is to be always equal to the Latitude 
of the Place: Thus a Piece of thin Plate, cc. 
of the Form of the Triangle z R N, ſhall be 


the Stile required. 


Dual 3 


To find ho Hours 1 by Trigonome- | 
a enn che nen is, 


T _*% 
1 E * 
2 


As Nadin 

To Sine of 1 25 | 
80 Tangent of 15 Degrees, 

To Tangent of the Hours Diſtance of 11 and 
Ii from the Meridian: 2 | | 


And ſo Tangent of 30 Degrees, 1 
To Tang. of the Hours Diſtance of 10 and 23 3 
And ſo of 45 Degrees, 3; 

For 9 and 3, a1 


This Proportion you LF lane in many „ Books of 
Dialling; porto no Reaſon given for it, nor 
Demonſtration of it, as you have from this 
Projection, in which, in the Triangle P N_1» 
you have given P N, the Latitude 51 32; an 
the Angle at P, 15 Degrees, to find the Side 
N, the Diſtance n the Primitive Circle, 
between the Hours © 1 12 and 1 (or 12 and 1 1 
which is the ſame z) and you may find i 
by the Globical Pro gen taught; in, 3 
the former 12 of this Book; Plate 8. | 
E the Triangle p Ni, to re- Hg. 3. 
. nt the Triangle P N 1 in the 
rojection, you will find by the Rule laid 


down in Globical Projection, that the Propore "3 F 


z tion lies in oy . P * # and! is, 


* 1 5 : . : . 
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As P Radius, e e 90.06, 19.0900. 
To (Pn) cheiSing f Latitude 31 32 9.8937 
80 (be) the Tangent of 15 . 8 
the Angle at P, 8:25 
To N 1) the Diſtance upon the 


. e 


Primitive 2 between the Ho: ( Fi we 4 
- of 12 and 1, VWs, 110 $ris whoſe 9.321 | 
Tangent is, "4 eaibit9bd dr 1 


By the ſame Prop ertion with Täange ent of 
0 Degrees, ydu And the Hour Diſtances of 
10 and 2, and by 45 Degrees, the Hour of 9 
and z, . which is an intelligible Demon- 
ſtration of that common given e a- 


dove mentioned. 917700 3 
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18 Dial 3 is pill to (and thetefote 
projected upon the Plain of) the Prime 
Vertical, or Eaſt and Weſt Azimuth. | 


V 2X 


Tis required to draw 
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a South Dial for the 
Latitude of i559 8. 3 0 5 i 
Firſt, Draw the Primitive Circle W z E N, 


to repreſent the Prime Vertical; then croſs it 


at Right-angles, with the Line z N (which in 
this Caſe is the Meridian of the Place) and E. 
NV, the Horizon then is z the Zenith, N the 
Nadir, E Eaſt, and the Weſt Points of the 


Projection; then becauſe the Equator is 34% 


52 above the Horizon, equal to the-Comple- 


ment of Latitude, ſet off 340 52, from & to 
Q, by Prob. 9. and draw the Oblique Circle / 
E, to repreſent the Equator: Alſo becauſe 


the South Pole (which is ehis Cuſe is the vii- 
ble Pole) is below the Horizon 55 8, equal 
to the Latitude, ſet off 5 5 81, from S to P, 


by Prob. 9. then is p the South Pole; this 


done, ſet off upon the Equator 15:30:45 De- 3 


grees, ec. both Ways, from 0 'to « he, &. 


and draw the Meridians 1 P'a x, 2 Pb 2, &. 


to cut the Primitive Circle in the Points x 2 3, 


er, then Lines drawn from the Center S, to 
the Points 1 2 3, are the Hour Lines re- 


quired. 2085 een, 

The Height of the Stile is always equal to 
the Complement of Latitude, which here 
is 340 52!, and may be made as directed 


| in the Horizontal Dial, the Angular Point 
of the Stile both in this and Horizontal, be- 


ing 


164 | Dialing: 
ing fixed at the Center of the Dial, and the 


. dian Line towards the Hour of . 


£ 


14 


A North Dial; is only prey Sed 6 on the con- 
Hour Diſtances, Height of the Stile, ec. is 
all the ſame; only in a North Dial, the Hour 
of 12 is put upwards, and the Angular Point 
of the Stile is put downwards; and therefore 


the Projection of i it. 


| ſtances on a South Dial, by en is, 


As . TD $1 
To Sine Complement of Latitude 3 5 
S0 Tangent of 15 Degrees, 


11 and 1 from the Meridian; 3 


8 60 Degrees, exc. you find the Hour 


the Reaſon of the Proportion in a South Dial, 
. eee. 


bottom of the Stile proceeding upon the Meri- 


trary Side of the Prime Vertical; but the 


to avoid Prolixity, I ſhall 22 2 no more about 


The Proportion for Boding the Hour Di- 


To Tangent of the Diſtances of the Hours of 


And ſo by the Tangent of 39 Degrees, 45 
Diſtances. of 10 and 2, of 9 and 3, and of 8 


and 4, c. by the Rules laid down in the 
Horizontal Dial, by which you may alſo find 


in the Triangle P N „ by ms covers be- 
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Dialling, 165 7 
How to make an Eaſt or Weſt DIAL. 
REFORE you can project this Dial, you 
+ muſt be determined how high your Stile 
ſhall be, which may be done at Pleaſure, ac- 
cording to the Largeneſs of your Plate, or 
Plain, which is moſt proper to be an Oblong, 
or long Square, upon which draw a Line 
right-up the Middle, as @ b; then Tie it at 
 Right-angles, with the Line cd; which done, 
take in your Compaſſes the Height of your 
Stile, and with one Foot in the Croſſing of 
the aforeſaid Lines, with the other ſweep the 
Circle c e d h, which divide into 24 equal 
Parts, and draw the two Tangent Lines K m, 
and » o, Parallel to the Line a b, and juſt to 
touch the Circle c edh, in e and d; then is the 
Line c d the Hour Line of 6, upon which the 
Stile muſt ſtand 3 then from the Center 2, lay 
a Scale over each Diviſion of the © 
Circle, and obſerve where it cuts Plate 8. 
the Lines h m, and » o; and from Fg. 4. 
theſe Marks, draw the Lines 5, 5, , 
7, &c. which ſhall be the Hour Lines re- 
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The Dial thus finiſhed, is fit for any LY 
tude; only when you. put it up, 4 muſt 
have it ſo ſituate, that the Line cd may juſt 


int to the Poles, then will à b be Parallel to 


the Equinoctial; and ſo place it upright upon 


the Eaſt Side of a Wall, c. the Height of 


the Stile equal to the Semidiameter of the 


Circle by which it is projected; and ns is 
Your Dial 


=*71 


Aden Dial is be fame; only inflead of 5 
6, 7, 8, cc. tis numbred 8, 7, 6, 5, Se. 


but always the 6 a Clock Line is that that cuts 
the Giecle, 1n 2 "Oe " 305 rer over its 


Centers, 


The Ress Proportion f for finding 


the Hour Dil ances, Ig) | 


As 7 $. ule 

To the. Height of the Stiles 

So Tangent of 15 Degrees, 
To the Diſtance o 73 


And ſo Tangent of 30 » Degrees, | 

To Diſtance 6 83; 5 
And (o-Tavgrnt 45 Degrees or' Radius, ek 
To Diſt ance 6 9, c. 5 


Hence the Hour Line of. 9, „ ſhould E 
Juſt touch the Circle ; becauſe Tangent 45 De- 
grees is equal to Radius; and the Reaſon of 
this Proportion is ſo apparent to any that un- 


derſtand 4 


N f for HE. = wy A 


pw *©H4 +> m4 


dedzud the: Conſbenckige- af, 0 Tangents, ; 


thatrir'6 revtileſs. co müll any more upon it. 15 
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1 Ti is „ to bas" a Dial fr 1 
5 325 declining n the Sourh eee 
To De groen/” 2131 y9 nber: 11. 
Nein 112 a [þ\ 

Pivſt. Draw the Primitive Cirele I'S c 7 Hb 1 
ctoſs it with two Diameters h d and ce then 
becauſe the Declination is Weſt 30 Degrees, 
draw the Oblique. Circle bn d, to repreſent 
the Meridian of the Place, to make an Angle 
of zo Degrees, with-the-right Circle b a. d (the 
Meridian of the Plain (by- Prob. 3. Caſe 2.) 
and betauſe the pole ef the World is always in 
the Meridian of the Place b ue, and diſtant 
from the Horizon (v below it) equal to the 
Latitude; draw the Parallel (h i k) diſtant 
from the Horizon (e ae) 51 32, and Where it 
cuts the Meridian bd (as in m) is the Pole of 

the World; through n draw'a m g, and now | 
you have the two Right-angled Triangles mg. 
d, and m n a, and the Quadrantal Triangle 7 

bn | | m a, 


ns Dialling: 
d, to find the Requiſites in your Dial, and 
the Reaſon of the Proportions uſed. r that 
End, for the ſeveral Arches and Angles in theſe 
three Triangles, meaſur'd by the Rules laid 


down in the Geometrical -Part - hereof, gives 


the Quantity of the Requiſites by them repre. 
ſented; for the Circle þ d repreſents the 
Meridian of the Place, ö a d the Meridian of 


the Plain, «a m g the Subtile, n g the Stile's 
Height, @ i the Latitude, ec. and the Angle 


1 4 N, the Declination of the Plain mM 4 


| a -Its 
Complement 4 g (the Meaſure of the Angle; * 


m) is the Subtile's Diſtance from the Meridian a 


1 (rhe Meaſure of à d u) the Declination, exc, - 


Then firſt, For the Subſtile's Diſtance from 
the Meridian, repreſented by the Side d g, in 
the Triangle m g d, in which you have given 
mg dͤ the Chaiplinent of Declination, and 
d the Complement of Latitude to find 4 g, the 

Subtile's Diſtance from the Meridian, which by 
my Lord Nepair's Proportion, is, | 


As T angent-Latitude, — — 51:32 1009991. 


To Radius 5 ——— — — 90:00.10,00009 
So Sine Declination, — — 300100 9.698 97 


88 


3 


Or in the Quadrantal Triangle 4 m”m 4 the 


Angle da m; or in the Triangle m a, the 
Complement of the Angle at «is the ſame; 
but ſhall leave the Operations for the -Rea- 


der's PracticteG. bas n u. W, 20s, 
d 5 | 5 Secondly, 


: Dialling.  _ 
Secondly, For the Stile's Height in the Tri- 
angle m g d, the Side g is required from the 
former Data, and is by the Gnomonical Pro- 
1 a 1 e : 
As Radius, —— — 90: 0:1,000000 
To Sine Complement Dec. S. C. 30: O. 9.93753 
So Sine Complement Lat. 8. C. 51:32 9.79383 


To Sine of the Stile's Height.— 32 56 9.731 36 


Or in the Quadrantal a m a, or the Right= 
angled Triangle m » a, the Side a m com- 
mon to both, is the Complement of the Stile's 
— ͤ—:. OR TT TO. | 


Thirdly, For the Difference in Time be- 
tween the Meridian and Subſtile, which is the 
Angle d m g, it is found by the Globical Pro- 
on to be, : = Pr, 
As Sine Latitude, X — 51:32 9.89374 
To Radius; 90: 10.00000 
80 Tangent of Declination, — 30:00 9.76144 


7 


To Tang. of Diff. in Time, cc. 36 24 9.86770 
Which 36 24, converted into Time, is 2 
Hours 26 Minutes, between the Meridian of 
the Plain, and the Subſtile; and if you draw 
all the Meridians through the Pole m, and ma- 
king an Angle with each other of 15 Degrees, 
the Points where they interſect being mark'd 

with 12.1: 2:3, c. and Lines drawn from the 
Center a to each Mark, ſhall be the Hour 
Lines required. | | ON. 
" ES 


7D - Dialllag. 1 
I have not drawn all the Meridians, leſt it 
ſhould too much confuſe the Diagram; but I 
have drawn the Hour Line, of 6 (wiz. 6 m. 6.) 
by which you may do all the reſt by Prob. 3. 
Caſe 4. Var. 2. of Spherical Trigonometry, 
making an Angle of 15 Degrees with each o- 
ther at the Pole m. eee BPR 
Thus you have not only the Proportions gi- 
ven, which you meet with in moſt Books of 


Dialling ; but alfo the Reaſons of them, as de- 


duced from the known Principles of Spherical 
Trigonometry, and Projection of the Sphere, 
the true Foundation of which being known, 
*tis very eaſily «pply'd to any Caſe, either in 
Aſtronomy, Dialling, or Geography, or any 
Part of the Mathematicks, that : upon 
Spherical Triangles. PT. 5 


, 3 = . 
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How to draw a South DIAL, or a 
Horizontal DIAL upon their re- 
ſpective Plains without the Help of 
any Mathematical Calculation. 

A Dial parallel to the Plain of the Equi- 

noctial, is only a Circle divided into 24 


equal Parts. for the Hours; and the Stile or 
Axis is erected from the Center perpendicu- 


lar to the Plain. 


* 
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2 2 hw 
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282832 
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" BY The Plain of an Equinoctial Dial, makes 


an Angle with the Plain of a South Dial, for 


any given Latitude equal to the ſaid Latitude; 
and with a Horizontal Dial, the Equinoctial 
Dial makes an Angle equal to the Complement 
of the Latitude, for which the EquinoQial 


Dial is made. 


3. All Dials, however ſituate, knvsi their 
Stiles parallel to each other (becauſe all paral- 


| lel to the Axis of the World) conſequently if a 


South Dial was erected upon the North End 
of a Horizontal, one Stile would ſerve for 
both, making an Angle with the Horizontal 


Dial equal to the Latitude, and with the South 


Dial equal to the Complement of the Latitude 


of the Place, the two Plains making a right 


Angle with each other. 
Hence alſo if a South Dial was erected at 


the North End of an Equinoctial Dial in 


North Latitude (or a North Dial at the South 


End in South Latitude) and contiguous to it, 


one Stile would likewiſe ſerve for both, ma- 
King right Angles with the Plain of the Equi- 


noctial Dial, and an Angle equal to the Com- 


lement of Latitude with the Plain of the 
South Dial (the two Plains making an Angle 


with each other equal to the Latitude.) 


From theſe Conſiderations, a general Rule 
may be deduc'd, for transferring the Hour 
Lines from an Equinoctial Dial, to a South 
Dial, or to a Horizontal Dial, the equal Divi- 
Hons in one becoming unequal in the other; as 
for Inſtance, . + 
| N 12 8 It 


Dialling. M 
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172 Dialling. 


Plate 10. It is required to make a South | 


Hg. 3. Dial for Latitude 40 Degrees North. 
= Firſt, Draw the Line e c, ſup os'd per en: 


dicular to the Horizon, to repreſent the Plain 
upon which the South Dial is te be made; 


then from c, draw the Line «© a, to make An- 
gle of 40 Degrees with the Line ce (becauſe 
the Plain of the EquinoQial Dial makes an 
Angle of 40 Degrees with the Plain of the 
South Dial) then from any convenient Point 
in the Line a c, erect the Perpendicular b d, to 


_ repreſent the Stile (becauſe the Stile is Perpen- 
dicular to the Plain of an Equinoctial Dial) 


and that will alſo repreſent the Stile of the 
South Dial, making an Angle with the Plain 
of it at d, equal to the Complement of Lati- 
tude, viz. 50 Degrees. This done with the 

Extent bc, and one Foot in the Cen- 


Plate 10. ter u, deſcribe the Circle g h 12 9, 


Fig. 1. which divide into 24 equal Parts in 

the Points 12 1 2 3, ec. Continue 
the Line g u 12 to , and at right Angles there. 
with, draw the Line op, ſo as juſt to touch 
the Circle in the Point 12, — produce the 
Lines # 4, u 3, » 2, c. to cut the faid Line 
ino r &c. then from the Line ce rig. 3.) which 


repreſents the Plain of the South Dial, take the 


_ Extent 4e (which repreſents the Semidiameter 


of the South Dial) and with one Foot in the 


Point 12, where the Line o þ cuts the Line g/, 
with the other find the Point q, upon which 
as a Center with the ſame Extent q 12, de- 


"ſcribe the Circle 12 K I/ m, and from the Points 


t, &c. draw the Lines „ 7, 54, f , &c. and 
„ 5 where 


T ": 
where theſe cut the Circle 12 K / m, as in 4 3 
2 1, c. are the unequal Diviſions repreſent- 
ing the true Hour Lines upon the South Dial 
requir'd, the Stile fixed at the Point 4 making 


an Angle of 50 Degrees with the Plain of the 


Dial equal to the Complement of the pro- 
pos'd Latitude. E 

The Reaſon of this Method may yet be bet- 
ter conceiv'd, if you imagine this Paper upon 
which the Projection is drawn, to be folded 
in the Line o p, ſo that the Plain g 12 may 


make an Angle of 40 Degrees (the given Lati- . 


2 with the Plain 12 1; for then the Per- 
pendicular rais'd from » the Center of the leſ- 
ſer Circle, will fall in 3 the Center of the 


greater Circle, as is evident from the Figure a 
„ Fig. 4. | | | 


For thoſe that underſtand Trigonometry, ob- 


ſerve in the Triangle bc d, (Fig. 3.) the Angle c 


is the Angle that the two Plains make with each 
ther, equal to the Latitude, and conſequently - 
the lage d is equal to the Complement of La- 
titude ; becauſe the Angle b is a right Angle. 
The Side b c, is the Semidiameter of the E- 
quinoctial Dial, which may be aſſumed of any 
Length at Pleaſure, and due is the Semidiame- 
ter of the South Dial; for the finding of 
which, the following Proportion is deduced ' 
from the ſaid Triangle. #1 ag 
As Sine of the Angle b dc, 
To Side be; ; 
So Radius, 
To Side de. 


1 5 There- 


— 5 
5 Therefore, 
As Sine Complement of Latitude, 
A 1 


So the Semidiam. of the Equinoctial Dial, 


To the Semidiameter of the South Dial. 
And in this, as in all other Caſes, having 


found the Hour Lines, you may put the Cen- 


ter 9 to the upper Part of the Dial, and reduce 
it to a Square, or an Oval, exc. and add to it 
what Ornament you think fit. EE 


. NOTE, Always take Care to give Allow- 
ance for the Thickneſs, or Subſtance of your 


Stile, by _—_— the Line upon which it 


ſtands to be ſplit down the Middle, and the 


Parts removed aſunder, as far as the Thickneſs 


of the Stile; for if you lay the Meridian, or 
Subtile only under the Middle of the Stile, 
your Dial will be too flow when the Sun is on 
the Eaft Side of the Stile, and too faſt when 
on the Welt Side, ſometimes by a Quantity of 


the Shadow (nearly) equal to half the Thick- 


: neſs of the Stile. | 


The Horizontal Dial may by the ſame Means 


be projected from the Equinoctial Dial; as 
ſuppoſe I would make a Horizontal Dial, for 
the Latitude of 40 Degrees, having 
Plate 10. drawn the Line Y «<, to repreſent 
Fig. 2. the Plain parallel to the Horizon 
then from c draw the Line c a, to 

make with the Line y «©, an Angle of 50 De- 
grees at c, F to the Complement of Lati- 
tude; then from any Point at b, in the Line 4 
c, draw the Line b O, perpendicular to a c5 
then is b © the Stile to both Dials, viz. the E- 


quinoctial 


i . , e , Ee Rn "2 


wh, 


PI. * I Wk. » 


— 


E 


As Sine of Latitude, 


Dual. = 
quinoctial Dial a c, and the Horizontal Dial 9 
6; then with the Extent b c, draw a Circle, 
which divide as before, into 24 equal Diviſi- 
ons; and upon the 12 a Clock Line, conti- 


nu'd with the Extent Oc, and one Foot in 12, 
find the Center of the greater Circle, and 
with the ſame Extent draw the Circle to re- 


preſent the horizontal Dial, and ſo proceed in 
all reſpects as before, to transfer the equal 
Diviſions in the leſſer Cirele to the tangent 


Line, and from thence to the greater Circles 


Center, and they will make the unequal Di- 
viſions upon the Periphery of the greater Cir- 


cle, which ſhall deſcribe the Hour Lines re. : 


quir'd, which being done in all reſpects, as in 
the South Dial, I mall not need to make any 


further Repetition. 


The trigonometrical Proportion for Gndin 
the Diameters of the greater Circle, deduc'd 
from the Triangle © b c, is; 8 
As Sine of b Oc, 

To Radius; 

So the Side hc, 

To the Side OS. 
| That is, 


To Radius; En 
So the Semidiameter of the leſſer Circle, 


To the Semidiameter of the greater. 


NOTE, You need not proje& any more 
than 6 Hours, viz. from 12 to 6; for Hours 
equally diſtant from 12, are equally diſtant 
from one another, viz. the Diſtance between 

| %%% 
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the Hour Lines of 9 and 10, is equal to the 
Diſtance between thoſe of 2 and 3, and the 
fame of thoſe equally diſtant from 6, as frem 

7 to 8, is the . Diſtance as from 4 to 5, 
and the oppoſite Hours are alſo equally di- 
Rant, as from 4 to 5 in the Morning, is the 
ſame Diſtance upon the Circle, as between 4 
and 5 in the Afternoon. 1 

EA 


CHAP. VI: 
Of GEOGRAPHY. 
HE principal Subject of this Trea- 

tiſe being Trigonometry, and the 
Application thereof to Practice, my 
Intent in this Chapter, is to ſhew 
the Uſe of Spherical Trigonometry, 


when apply'd to Problems in Geography; in 
which I ſhall not have Occaſion for many. 


DEFINITIONS. 
Latitude of a Place, is an Arch of the Meri- 
dian, intercepted between the ſaid Place, and 
the Equinoctial; and therefore may be either 
North or South. 5 wy 
Longitude of a Place, is an Arch of the E- 
quinoctial, contain'd between the firſt Meri- 
dian, and the Meridian of the Place; and is. 
either Eaſt or Weſt. : gx 
NOTE, The firſt Meridian, is any Meridi- 

| an made Choice of to reckon Longitude from; 
but our Eng % Geographers of late, generally 
reckon their Longitude from the Meridian of 
London, ES . 


X, 
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Diſtance between two Places, is twofold, wiz. 
in a Rumb, or in the Arch of a great Circle; 
but the latter being the neareſt, and trueſt, is 
what I ſhall give ſome general Dire tions for 
at this Time. „ | 
Finding the Diſtance between any two Pla- 
ces, is commonly expreſs'd under three Varie- 
ties, vix. 1. When Places differ only in Lati- 
tude. 2, When they differ only in Longitude. 
3. When they differ both in Lon 1 and 
Latitude; but I ſhall reduce all the: Varieties 
to this one ok | 


GENERAL RULE... 


© Having the Latitude and Difference of 
Longitude, of two Places given, find the 
Points repreſenting them in the Stereographick 
Projection; then through the ſaid Poing draw a 
great Circle by Prop. 5. of Spherical Geometry; 
that Arch (contain'd between the ſaid Points) 
meaſur'd by Prob. 8. of ſpherical Geometry, 
gi ves the Diſtance requir'd, allowing every Mu- 
nate a Mile, and every Degree 60 Miles. | 


EXAMPLE. Plate 10 
| ER. „ü „ 77 - 
Suppoſe two Places, both in Latitude 40 De- 
erees North, Difference of Longitude 38 Deg. 
. 0, then is P the North, S.rhe South 
Pole, En Q the Equinoctial; draw the Paral- 
| Tel of 40 Degrees ab e,. aſſume any Point there- 
in, as d, for one of the two Places; through 4 
draw the Meridian Pd s, aud oblerve where it 


cuts the Equinoctial, as in o; from o fet off 
SH EY ET | the © 


p » F . _—_ 
22 — S = 
3 
2 4 
Ty 8 


the Difference of Longitude, 38 Degrees, to 8 


As Radius, 


a Of Geography. © "IS 


and draw the Meridian P q S, it will cut the 


Parallel 4 b c; in e, through 4 and e, draw 


the great Circle Rad eTthe Arch dee meaſur'd 


by Prob. 8. of ſpherical Geometry, gives the 


Diſtance requir'd. FT | 
' CALCULATION. 


The two Latitudes being equal, you have 
an Iſoſcelis Triangle P d e, in which is given 


P e, equal to P d, 50 Degrees, the Comple- 
ment of Latitude, and the Angle 4 pe, 38 
Degrees, the Difference of Longitude, to find 
the Arch de; but in order to Calculation, let 
fall the Perpendicular P u, then in the right- 
angled Triangle P ue, right-angled at v, you 


© Have given Pe the Complement of Latitude 


50 Degrees, and the Angle w Þ e, 19, half the 
Difference of Longitude, to find w e half the 
Diſtance in the Arch, which is found by 
the following Proportion, Caſe 2. 9 5 

To Sine Complement of Latitude Pe, 

So Sine 5 Difference of Longitude in Mi- 
nutes, w Pe. | | | : 

To Sine 3 the Diſtance in Miles, we which 
doubled is the Diſtance requir'd. 


e 


For the Diſtance in the Parallel the Propor- 


tion, is 


As Radius, „ 
To Sine Comp. Latitude. 
So Diff. Longitude in Minutes, 
To the Diſtance in Miles in the Parallel, 
Always more than the Diſtance in the Arch. 
5 | 4 EXA M- 
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If the Places differ both in Longitude and 
Latitude, as if one Place be in Latitude 40 
North, and the other in Latitude 30 South, 
and differ in Longitude 58 Degrees; I deſire io 
know their Diſtance. ee 
PC: draw abe, the Parallel of 40 North, 
and x hz, the Parallel of 3o South; aſſume a 
Point as in d, for one Place, and draw the 
Meridian P d 5s, and from the Place where it 
cuts the Equinoctial, as in o, ſet off the Diffe- 
rence of Longitude 58, from o to , and draw _ 
the Meridian P y S, and obſerve where it cuts 
the Parallel x h z, which is in h, which repre- 
ſents the other Place; then through d and h, 
draw the Circle: d h x; the Arch is the 


Diſtance requir'd. -. e 
_ CALCULATION: 


In the oblique Triangle d P, you have gi- 
ven d p, the Complement of one Latitude 50 
Degrees, and P h the other Latitude added to 
90, wir. 120 Degrees, and the Angle at 7 58 
5 Degrees; the Difference of Longitude to find 
q d h by Caſe the Eighth, of oblique ſpherical 
4 Triangles. EE. 
And thus by a right Underſtanding, and 
true Application of ſpherical Triangles, all 
the Caſes in Geography, with reſpe& to Di- 
Nance of Places, may be ſolved; which is fo 
plain, that I need not enlarge upon it. 


I might 


Fo Of Geography. 
I might have added ſomething with reſpect 
to great Circle Sailing; but I ſhall not meddle 
with any Part of Navigation in this Treatiſe 3 
becauſe I ſhall (God willing) ſhortly publiſh a 
Book of Navigation, and the Uſe of the new 
Globular Projection of Sea Charts, in which 
great Circle Sailing is render'd eaſy and practi- 
cable, although never accounted ſo upon any 
other Projection; that impartial thinking Men 
may be convinc'd, Whether a fictitious cylin- 
drical Projection, grounded upon a Suppoſi- 
tion known to be falſe, or a true Globular 
Projection, grounded upon, and deduc'd from 
found and real Principles, be moſt applicable 
to Practice, and fitteſt to be depended upon for 
Truth and Certainty, © | 
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Conraining Tables inf Right 3 
ſcenſion, and of Oblique A. 
ſcenſion, and Deſcenſion; 
Setting of thi Sun, with the 
' Riſing, Southing, ann Setting 
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De Uſe of theſe TABIES. 19 
T HERE is in all Caſes two Numbers to 
be ſubſtraſted from each other, the Re- 
mainder is the Anſwer to the Queſtion, in 
Hours and Minutes: Of theſe two Numbers 
the Sun's right Aſcenſion is always one, be- 
| cauſe we begin to reckon the Aſtronomical 
Hours at Noon; then for Riſing, uſe oblique 


Aſcenſion; for Southing, uſe right Aſcenfionz # 


and for Setting, uſe Lame try Deſcenfion, viz. 
If you ſeek for the Sun's 


ifing, ſubſtract his I 


right Aſcenſion from his oblique Aſcenfion, 


the Remainder is the Time of Sun's Riſing; 


but if you ſeek the Time of Sun's Setting, ſub- _ 


ſtrat his right Aſcenſion, from his oblique 


Deſcenſion, the Remainder is the Time of Sun's 


Setting. Again, If you defire to know the Time 
of the Moon's Coming to South, ſubſtra@ the 
Sun's right Aſcenſion from the Moon's right 
Aſcenſion, the Remainder is the Time of 
Moon's Southing; but if you would know the 
Time of the Moon's Setting, ſubſtract the Sun's 
right Aſcenſion, from the Moon's oblique De- 
ſcenſion, the Remainder is the Time of Moon's - 
Setting, borrowing 24 Hours if Subſtraction 
cannot otherwiſe be made, and if the Remain- 
der, be more than 12, caſt away 12, and the 


" "Remainder is the Hour and Minute, in the. 


Morning; but if leſs than 12, it is the Hour 
and Minute in the Afternoon. . 
If you ſeek the Riſing, Southing, or Set- 


ting of the Moon, and would be exact; you _ 


muſt firſt compute in your Mind about what 
Time it wall «oh and adjuſt her Place 
to that Hour, and then work as before, 3 : 


rr . * 
: 2 K % 
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; ff . oro 
I defire to know the Time of Sun's Riſing, 
Ofob. 19. 1720. I look in the Ephemeris, and 

find the Sun is in 7 D. 9. M. of m. I look or 
7 D. (rejecting the Minutes) and find the ob- 
„ _ lique Aſcenſion of 5 D. of m, is 9 H. 
9 32 32 M. and the right Aſcenſion there- 
14 19 of is 14 H. 19 M. which ſubſt racted 
chaving firſt ſuppos'd 24 Hours to 
19 13 de added to the oblique Aſcenſion, as 
12 before directed) the Remainder is 19 

— _. 13; from which abating 12, the Re- 

7 13 mainder 7 H. 13 M. is the Time f 
Sun's Riſing, Ofober 19, as was requir'd. 
* ee . Sw 
I defire to know the Time of Moon's Set- 

- Zing, Nov. 24, 1720. 1 „ 
I we take the Place of the Moon at Noon, 
-and uſe it as her true Place, it would beget 
a ſmall Error, but for more Ex2Qneſs, conſi- 
der that the Moon is 3 Days old, and there- _ 
fore will not ſet before 6 or 7 a Clock ; I there- 
fore compute her Place for 6 a Clock, thus; 

I find the Moon, Nov. 21, at Noon, is W 16 

D. 55 M. her Motion from that Day at Noon, 
till Nov. 22. at Noon, is about 15 Degrees; I 
therefore look in the fourth Column of the 
laſt Table, under 15 Degrees, and againſt 6 
Hours, I find 3 D. 45 M. which is the Degrees 
and Minutes the Moon has gone ſince Noon, 
that added to her Place at Noon, W 16 55, 

makes W 29 40, which being near 21 Degrees, 

_ = and not regarding odd Minutes in this Caſe, I . 

ſeek the oblique Deſcenſion of M 21, and find 

—+ 2 . - RB, 


. 
, 7 : 
bt ob it anc 2 3 * 4 1 * 
enn F b 
% pat Ee » * 1 2 * * 
. — . * * * 


He Je Uſe 171 ihe THALE 


1 allo find the right Aſcenfion of © 23 la SY 2 
| ay Sun (who that Day enters 11 16 8s 


Degrees of 2) the right: 1 — 


of, 11 of 7, is 16 38, which ſub-. 6 1 : 


_ ſtracted from 23 29, the Remainder 
6 51, viz. 6 Hours 51 Minutes, is the Time 
at Moon' s Setting, Nov. 21, in * Afternoon. a 
E X AMPLE. 

Ie is OP”. th find the Time 87 the Moon s 
Southing, June 2. 1720. 2 

Firſt, Confider it is Quarter-Day of the 
Moon, and therefore the Moon 
Souths ſometime near 6 a Clock, = 2 51 
then to compute her Place Hoe... I 19 10 
the Ephemeris; her Place June 2, , 
at Noon, is in m 19 103; and on 1 
the third Day, is 2 2 513 the-; 
Difference, or daily Motion of the 

Moon, is 13 41, which doing more than 13 
39, I call 14 Degrees, under which 1 


I look in the Table of the Moon's * 19 10 


Motion, and againſt 6 Hours (the 3 39 
Time that I calculate for) I find - 
that in 6 Hours the Moon is re- 2 22 4 
mov'd 3 Deg. 30 Min. which ad. 
_ ded to ner Place at Noon, y 19 10, 

gives M 22 40, which being above half a Des 
gree more than 22, I call 233 and Program; as 
below. 
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Moon 8 place W 23 right Aeon... i 1.1.2 
Sun's. Place I 23 right Aſcenſion, . 
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© Toz The ee of the TABLES. 
But left it ſhould be thought difficult to 
7 i Gueſs of the Time of the Moon's 


give a genera f the 
Sourhing, by her Age; I have annex'd a Ta- 
ble to the Table o the Moon's Motion, in 


which find the Moon's Age in the Column, in- 
titul'd [ D's Age] and againſt it in the next 
Column, you have the Moon's Southing. 
r 4. 5 * 
Suppoſe the Moon is 11 Days old; I find 11 50 
in the Column of »'s Age, and againſt it is 8 
8, Afternoon for the Moon's Southing, which 
might ſerve indeed in common Caſes, and is 
in any Caſe exact enough to give a near E- 
ſtimate of the Time of her Southing, in order 
to adjuſt her Place thereto, as before directed; 
for although this Table only divides 24 Hours, 
equally among 30 Days, without regard to the 
Inequality of the Moon's Motion; yet by the 
aforemention'd Method, all Accidents are ac- 
counted for, except ſome little Alteration that 
the Moon's Rifing, Southing, and Setting, are 
liable to, occafion'd by her Latitude, a Thing 
inconſiderable in moſt Caſes, and*too nice for 
* == pgs Brevity, to 63 into a Calcu- 
ation of. 2 r 
Buy the ſame 800 you may find the 
Southing of any fix'd Star; but in Stars that 
have great Latitude from the Ecliptick, their 
Riſing and Setting cannot be found exactly; 
becauſe their Diflance from the Ecliptick 
makes them riſe or ſet, long before or after 
that Point of the Ecliptick, which their Circle 
of Lodgitude Interſects. - 
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